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(57) Abstract 



The invention discloses methods which are particularly sensitive for detecting low frequencies of mutations in mitochondrial^ 
encoded genes, such as the cytochrome b gene, making these an especially useful and commercially important way of screening pinnt 
pathogenic fungi for the onset of fungicidal resistance wherein the resistance is due to a mutation in a mitochondrial!}' encoded gene. 
The methods disclosed include single nucleotide polymorphism detection techniques especially PCR detection methods. Also disclosed are 
DNA sequences encoding part of the wild type and mutant cytochrome b sequences of a range of plant pathogenic fungi and the use of the 
sequence information to detect mutations giving rise to fungicidal resistance. Allele specific oligonucleotides and oligonucleotide probes, 
diagnostic primers and diagnostic kits are also disclosed. 
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METHODS 



Field of the invention 

This invention relates to a diagnostic method for the detection of a cytochrome b 
5 mutation in fungi that leads to resistance to strobilunn analogues or compounds in (he same 
cross resistance group using any (or a) single nucleotide polymorphism detection technique, 
preferably using the amplification refractor*)' mutation system (ARMS). The invention also 
relates to mutation specific primers for use in the method and to diagnostic kits containing 
these primers. The invention further relates to the identification of a specific mutation in the 
0 fungal cytochrome b gene which results in the resistance of fungi containing the said 
mutation to strobilurirs analogues or compounds in the same crow resisumre group 
Background of the Invention 

The widespread use of fungicides in agriculture is a relatively recent phenomenon, 
and most of the major developments have taken place during the last 40 years. Previously, 
farmers often ignored or did not recognise the effect that fungal pathogens had on the yield 
and quality of their crops. Nowadays, however, these losses are unacceptable, and farmers 
rely on the use of fungicidal chemicals to control fungal diseases. As a consequence, 
commercial fungicides have become an important component of the total agrochemical 
business, with world-wide sales in 1996 of about S5.9 billion, equivalent to I8.99< of the 
total agrochemical market (Wood Mackenzie, 1997a 'Agchem products- The key 
agrochemical product groups', in Agrochemical Service, Update of the Products Section, 
May 1997, 1-74). A large number of fungicides arc already available to the farmer; a recent 
edition of The Pesticide Manual (Tomlin, 1994 l() lh Edition. British Crop Protection Council. 
Farnham, UK. and the Royal Society of Chemistry, Cambridge, UK) contains 158 different 
fungicidal active ingredients in current use. Nevertheless, further industrial research aimed at 
the discovery and development of new compounds is extremelv intensive and product 
management procedures are extremely important in securing the best and longest lasting 
perlonuance horn tungicides vvith a particular mode of action and/or belonging to ;i 
particular compound series. In particular it is vital to develop effective resistance 
management strategies when fungicides with new modes of action arc introduced (Fungicide 
Resistance Management : Into The Next Millenium (Russell) 1999, in Pesticide Outlook, 
October 1 WW < 2 1 3-2 1 5). 
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The strobilunn analogues constitute a major new series of agricultural fungicides 
which are considered the most exciting development on the agricultural fungicide scene since 
the discovery of the 1 ,2,4-triazoles in the 1970s. 

The fungicidal activity of the strobilunn analogues is a result of their ability to inhibn 
mitochondrial respiration in fungi. More specifically, it has been established that these 
compounds have a novel single site mode of action, exerting their effect on fungi by blocking 
the ubiqumolxyiochrome c oxidoreduciase complex (cytochrome /?cl ) thus reducing the 
generation of energy rich ATP in the fungal cell (Becker et al FEBS Letts. 132 329-33). This 
family of inhibitors prevents electron transfer at the ubiquinone redox site Q 0 on the 
multimenc cytochrome b protein (Esposti et al 1993 Biochim. el Biophys Acta 243-271 ). 
Unlike many mitochondrial proteins, the cytochrome h protein is mitochondrial^ encoded. 

Repoiis in the literature show thai specific amino acid changes at the cytochrome /; 
target site can atf'ect the activity of strobilunn analogues. In depth mutagenesis studies in 
Saccharomycvs cerevisiuc (hereinafter referred to as S. cerevisiuc) (JP Rago et al 1989 J. 
Biol. Chem. 264, 14543-14548). mouse (Howell el al 1988 J. Mol. Biol. 203, 607-618), 
Chlamvdonumas remhardtii (Bennoun et al 1991 Genetics 127, 335-343) and Rhndobacter 
.v/vMDaldal et al 1989 EM BO J. 3951-3961 ) have been carried out. Relevant information was 
also gathered from studying the natural basis for resistance to strobilunn analogues in the sea 
urchin Paracenrmtus lividus (Esposti et al 1990 FEBS 263. 245-247) and the Basidiomycete 
fungi A/y t cna izulopoda and Stmbilurus tenacclins (Kraiczy et al 1996 Eur. J. Biochem 235 
54-03), both of which produce natural variants of the strobilunn analogues. There are two 
distinct regions of the cytochrome /; gene where amino acid changes have a dramatic effect 
on strobilunn analogue activity. These areas cover amino acid residues 125-148 and 250-295 
(based on S.ccrevisiae residue numbering system). More precisely ammo acid changes at 
residues 126, 129, 132, 133. 137. 142, 143. 147, 148,25b, 275 and 295 have been shown to 
give rise to resistance to strobilunn analogues (Brasseur et al 1996 Biochim. Biophys. Acta 
1275. 61-69 and Esposti et al (1993) Biochimica et Biophysica Acta, 1 143. 243-271). 

The preseni invention identifies for the first time the key importance of one of these 
mutations in cytochrome b gene of field isolates of important plant pathogenic tun-i showing 
resistance to a strobilunn analogue or a compound in the same cross resistance group. 
Summary of the In vent ion 
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According to a first aspect of the invention we provide a method for detecting a 
mutation in fungal nucleic acid wherein the presence of said mutation gives rise to fungal 
resistance 10 a strobilunn analogue or any other compound in the same cross resistance group 
said method comprising identifying the presence or absence of said mutation in fungal 
5 nucleic acid using any (or a) single nucleotide polymorphism detection technique. 

In the present invention we have now devised novel diagnostic methods for the 
detection of a point mutation in a fungal cytochrome b gene based on single nucleotide 
polymorphism detection methods including allele specific amplification. It will be apparent 
to the person skilled in the an that there are a large number of analytical procedures which 

1 0 may be used to detect the presence or absence of variant nucleotides at one or more 

polymorphic positions according to the invention. In general, the detection of allelic variation 
requires a mutation discrimination technique, optionally an amplification reaction and 
optionally a signal generation system. Many current methods for the detection of allelic 
variation arc reviewed by Nollau el al, Clin. Chem. 43, 1 1 14-1 120, 1997 and in standard 

15 textbooks, for example 'Laboratory Protocols for Mutation Detection'. Ed, bu L*. Landegren, 
Oxford University Press, 1996 and 'PCFT 2 nd Edition by Mcwton and Graham, BIOS 
Scientific Publishers limited, 1997. Allele specific amplification reactions include primer 
based methods including PGR based methods and more specifically, allele specific 
polymerase chain reaction i'PCR) extension (ASPCR) and specifically ARMS (Amplification 

20 Refractory Mutagenesis System) wherein the mutation gives rise to resistance to a 

strobilurin analogue and these are particularly preferred for use in the methods of the present 
invention. The methods of the invention also include indiscriminate PCRs followed by 
specific probing of the amplicon generated. These methods are suitable for the detection of 
the specific alleles which can confer resistance to any of the strobilunn analogues or any 

25 other compound in the same cross resistance group. Robust tests have been developed for the 
detection of this point mutation in a range of fungal plant pathogens Compounds may be 
considered to be in the same cross resistance group when the resistance mechanism to one 
compound also confers resistance to anothet, even when the modes of actum are not the 
same The technique of ASPCR is described in I S Patent No 563901 1 and the ARMS 

30 technique is described fully in European Patent No. EP 332435. 

Other single polymorphism detection techniques which may be used to detect 
mutations include, tor example, restriction fragment length polymorphism (RPEP). single 
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strand conformation polymorphism, multiple clonal analysis, allele-specific oligonucleotide 
hybridisation, single nucleotide primer extension (Juvonen et al, (1994) Hum Genet 93 16- 
20: Huoponen et al, (1994) Hum Mutat 3 29-36; Mashima et al (1995). Invest Opthclmol. 
Vision. Sci 36,1714-20; Howell et al (1994) Am J Hum Genet. 55 203-206; Koyabashi et al; 
(1994) Am. J. Hum. Genet. 55 206-209, Johns and Neufeld ( 1993) Am J Hum Genet 53 916- 
920; Chomyn et al, (1992) Proc. Natl. Acad. Sci USA 89 4221-4225) and Invader 1M 
technology < available from Third Wave Technologies Inc. 502 South Rosa Road. Madison, 
Wl 53719 USA). 

The use of PCR based detection systems is preferred. 

According to a preferred embodiment of the first aspect of the invention we provide a 
method for detecting a mutation in fungal nucleic acid wherein the presence of said mutation 
gives rise to fungal resistance to a strobiiurin analogue or any other compound in the same 
cross resistance group said method comprising detecting the presence of an ampJicon 
generated during a PCR reaction wherein said PCR reaction comprises contacting a test 
sample comprising fungal nucleic acid with a primer in the presence of appropriate 
nucleotide triphosphates and an agent for polymerisation wherein the detection of said 
amplicon is directly related to presence or absence of said mutation in said nucleic acid. 

The detection of the amplicon generated during the PCR reaction may be directly 
dependent on the extension of a primer specific for the presence of the mutation i.e. where 
primer extension is dependent on the presence of the mutation and hence an amplicon is 
generated only when the primer binds and/or is extended when the mutation is present (as is 
the case with ARMS technology), similarly it may be directly dependent on the extension of 
a primer specific for the absence of the mutation e.g. wild type sequence or may be directly 
linked to the PCR extension product containing the mutant DNA sequence i.e. where the 
detection is of an amplicon comprising the mutant DNA sequence. The first alternative is 
particularly preferred. 

The amplicon can be from any PCR cycle and this includes a first allele specific primer 
extension product. 

In a further preferred embodiment the invention provides a method for detecting a 
mutation in fungal nucleic acid wherein the presence of said mutation gives rise to fungal 
resistance to a strobiiurin analogue or any other compound in the same cross resistance group 
which method comprises contacting a test sample comprising fungal nucleic acid with an 
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appropriate diagnostic primer in the piescnce of appropriate nucleotide triphosphates and an 
agent for polymerisation, such that the diagnostic primer is extended either when the said 
mutation is present in the sample or when wild type sequence is present; and detecting the 
presence or absence of the said mutation by reference to the presence or absence of a 

5 diagnostic primer extension product. 

In a further preferred embodiment the invention provides a method for detecting a 
mutation in fungal nucleic acid wherein the presence of said mutation gives rise to fungal 
resistance to a strobilurin analogue or any other compound in the same cross resistance group 
which method comprises contacting a lest sample comprising fungal nucleic acid with a 

10 diagnostic primer for the specific mutation in the presence of appropriate nucleotide 

triphosphates and an agent lor polymerisation, such thai the diagnostic primer is extended 
when the said mutation is present in the sample; and detecting the presence or absence ol the 
said mutation bv reference to the presence or absence of a diagnostic primer extension 
product. 

15 According to a particularly preferred embodiment of the first aspect of the invention 

we provide a method for delecting a mutation in fungal nucleic acid wherein the presence of 
said mutation gives rise to fungal resistance to a strobilurin analogue or any other compound 
in the same cross resistance group which method comprises contacting a test sample 
comprising fungal nucleic acid with a diagnostic primer for the specific mutation in the 

20 presence of appropriate nucleotide triphosphates and an agent for polymerisation, such that 
the diagnostic primer is extended only when the said mutation is present in the sample; and 
detecting the presence or absence of the said mutation by reference to the presence or 
absence of a diagnostic primer extension product. 

As used herein the term diagnostic primer is used to indicate the primer which is used 

25 specifically to identify the presence or absence of a mutation or wild type sequence and the 

term common primer is used to denote a primer binding to the opposite strand of DNA to the 
diagnostic primer and 3" to the region recognised by that diagnostic prime: and winch, by 
acting with said diagnostic primer allows amplification of the intervening tract of DNA 
during tlx- VCR. Where the diagnostic primer is an ARMS primer it can ha\e a 3' mismatch 

30 when compared to the mutant or wild type sequence. 

In this and all further aspects and embodiments of the invention it is preferred that the 
extension ol the primer extension product is detected using a detection system which is an 
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integral pan of cither the diagnostic primer or the common primer on the opposite strand. 
This is described more fully herein. 

The methods of the invention are particularly suitable for the detection of mutations 
in a mitochondrial gene which encodes a protein which is a target for a funsicidc. more 
especially for the detection of mutations in a fungal cytochrome b gene where said mutations 
result in the inhibition of fungicide activity to the cytochrome b protein but still alio* ATP 
generation to occur and most preferably wherein said mutation in the fungal cytochrome h 
gene results in one of the following amino acid substitutions: A P( T. F| ^L. Yj^C, C,-,Y 
G, , -R/S/E/V, \V,, : T/K. G U ;A, I 147 F. T, 4 kM N : *,Y/K/I, L :7 >F7S/T or L^sF where the first 
ammo acid is substituted by the second one at the position in the sequence denoted by the 
number, the presence of which give rise to fungal resistance to strobilunn analogues or any 
other compound in the same cross resistance group wherein the residue identification is 
based on the S. ccrcvisiae residue numbering system for cytochrome 

The strobilunn analogues and compounds in the same cross resistance group include 
for example, azoxystrobm. picoxystrobin. kresoxim-methyl, trifloxystrobm. famoxadone and 
fenamidone. 

We have found that the position in the fungal cytochrome I) nucleic acid 
corresponding to the 143 rd codon/amino acid in the cytochrome b of S. ccrcvisiae sequence is 
a key determinant of fungal resistance to strobilunn analogues or any othei compound in the 
same cross resistance group in field isolates of strobilunn analogue resistant plant pathogenic 
fungi The methods of (he invention described herein are particularly suitable for the 
detection of a mutation at the position corresponding to Saccharomxces ccrcvisiae 
cytochrome b residue 143 where the glycine residue is replaced by another amino acid which 
inhibits the activity of strobilunn analogues or any other compound in the same cross 
resistance group and results in a resistant phenotype in the fungi carrying the mutant 
cytochrome b gene thereby giving rise to fungal resistance to strobilunn analogues or any 
other compound in the same cross resistance group. 

The method is preferably used for the detection of a mutation resulting in the 
replacement of said glycine residue at the position corresponding to S. ccrcvisiae cytochrome 
b residue 143 with an amino acid selected from the group arginine, serine, cysteine, valine, 
aspartic acid, glutamic acid, tryptophan and most preferably alanine. 
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In a yet further preferred embodiment of the first aspect of the invention we now 
provide a method for the detection of a mutation in a fungal cytochrome b gene resulting in a 
glycine to alanine replacement at the position corresponding to 5. vercvisiae cytochrome b 
residue 143 (Gu.iA) in the encoded protein thereby giving rise to fungal resistance to 
5 strobilurin analogues or any other compound in the same cross resistance group said method 
comprising identifying the presence or absence of said mutation in fungal nucleic acid using 
any (or a) single nucleotide polymorphism detection technique. 

The mutation in the fungal cytochrome b gene resulting in a G N *A replacement in the 
encoded protein is usually a guanine to cvtosine base change at the second position (base) ol 

!() the codon and the detection of this single nucleotide polymorphism is preferred tor all 
avpec»> and embodiments of the invention described herein. 

In a still further preferred embodiment of the fust aspect of the invention we now 
provide a diagnostic method for the detection of a mutation in a fungal cytochrome b gene 
resulting in a G N ^A replacement in the encoded protein said method comprising delecting 

15 the presence of an amplicon generated during a PGR reaction wherein said PGR reaction 
comprises contacting a test sample comprising fungal nucleic acid with a diagnostic primer 
in the presence of appropriate nucleotide triphosphates and an agent tor polymerisation 
wherein the detection of said amplicon is directly related to presence or absence of said 
mutation in said nucleic acid. 

20 In a particularly preferred embodiment of the first aspect of the invention we now 

provide a diagnostic method for the detection of a mutation in a fungal cytochrome b gene 
resulting in a G !4 ,A replacement in the encoded protein said method comprising contacting a 
test sample comprising fungal nucleic acid with a diagnostic primer for the mutation 
resulting in a GmiA replacement in the encoded protein in the presence of appropriate 

25 nucleotide triphosphates and an agent for polymerisation, such that the diagnostic primer is 
extended when a mutation is present in the sample resulting in a G U ,A replacement in the 
encoded proiein. and detecting the piesence or absence ot the said mutation by reference to 
the presence or absence of a diagnostic pnmei extension product. 

In a further particularly preferred embodiment of the first aspect of the invention we 

30 now provide a diagnostic method for the detection of a mutation in a fungal cytochrome b 
gene resulting in a Gu;A replacement in the encoded protein said method comprising 
contacting a test sample comprising fungal nucleic acid with a diagnostic primer for the 
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mutation resulting in a G| 4 iA replacement in the encoded protein in (he presence of 
appropriate nucleotide triphosphates and an agent lor polymerisation, such that the diagnostic 
primer is extended only when a mutation resulting in a G^A replacement in the encoded 
protein is present in the sample; and detecting the presence or absence of the said mutation 
5 bv iclerence to the presence or absence of a diagnostic primer extension product. 

As used herein the term G t4 ;A is used to denote the substitution of a glycine residue 
by an alanine residue in a fungal cytochrome b sequence at the equivalent of the position ot 
the 14"" codon/amino acid of the S. cerevisiae cytochrome b sequence. This nomenclature is 
used for al! the other residue changes quoted herein i.e. all positions are quoted relative to 

10 the S. ( ( rc.isiac cytochrome b protein sequence. The S ccrevi.\iue cytochrome /> gene and 
protein sequences are available on the EMBL and SW1SSPROT databases (See EMBL 
ACCESSION NO. XS4042 and SWTSSPROT ACCESSION NO. Put) 1 63). The skilled man 
will appreciate that the precise length and register ot eqmv alent proteins Horn different 
species mav vary as a result of ammo or cat box. y terminal and/oi one or more internal 

15 deletions or insertions. Since the amino acid tract containing the residue corresponding to 
Gu in S. cerevisiae is well conserved (WTdgcr el <;/. Proc. Nat. Acad. Sci., L'.S.A. 81 (1984) 
674-678) ii is straightforward to identify the precisely corresponding residue in a newly 
obtained fungal cytochrome b sequence either by visual inspection or use of one of several 
sequence alignment programmes including Megalign or Macaw. Though designated Gu« in 

20 tins application, because of positional and functional equiv alence, the precise position of this 
glycine in the new cytochrome b mav not be the |43 rJ residue from its amino terminal end. 
The S. cerevisiae cytochrome b consensus sequence is provided in SYVISSPROT 
ACCESSION NO. P00163. In all aspects and embodiments of the invention described herein 
the positions in the cytochrome b sequence are preferably as defined relative to the S. 

23 cerevisiae cytochrome b sequence provided in EMBL ACCESSION NO. X84042. 

Alternatively, in all aspects and embodiments of the invention described herein the positions 
in the cytochrome b sequence are preferably as defined relative to the S. cerevisiae 
cytochrome b consensus sequence as provided in SWTSSPROT ACCESSION NO. POO 163. 

According to one aspect of the invention there is prov ided a method for the diagnosis 

30 of a single nucleotide polymorphism in a fungal cytochrome b gene which method comprises 
determining the sequence of fungal nucleic acid at a position corresponding to one or more 
of the bases in the triplet coding for the amino acid at the position corresponding to S. 
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ceri'visiac cytochrome b residue 143 in the cytochrome h protein and determining the 
resistance status of the said fungi to a strobilurin analogue or a compound in the same cross 
resistance group by reference to a polymorphism in the cytochrome b gene. 

In all aspects and embodiments of the invention described herein it is prelened that 
5 only one base in the triplet coding for the amino acid at the position corresponding to 5. 

ccrcvisuw cytochrome h residue 143 in the cytochrome h protein shows a mutation i.e there 
is a single nucleotide polymorphism occurring at one position only and it is further preferred 
that it is at the first or second base of the triplet and most especially is at the second base in 
the triplet. 

10 According to a preferred embodiment of tins aspect of the invention there is provided 

;; method for the diagnosis of a single nucleotide p'»!vnv>rphi*»ni in a !'i.»nc:il rviorhrome b 
gene which method comprises determining the sequence of fungal nucleic acid at a position 
corresponding to the second base in the triplet coding for the amino acid at the position 
corresponding to S. vcrcvisUw cytochrome b residue 143 in the cytochrome b protein and 
determining t he resistance status of the said fungi to a strobilurin analogue or a compound in 
the same cross resistance group by reference to a polymorphism in the cytochrome b gene. 

In an embodiment of the above aspect of the invention the method for diagnosis 
described herein is one in which the single nucleotide polymorphism at a position in the 
DNA corresponding to the second base in the triplet coding for the amino acid at the position 
corresponding to S cocvisiac cytochrome h residue 143 in the cytochrome /> protein is 
presence of G and/or C. 
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1 able 1 : codon usai:e 



A glycine to alanine point mutation demands a G to a C change at the second base of 
the codon Other mutations may also arise at the v<< position in the codon due to degeneracy 
in genetic code tor alanine and glycine (see Table 1 ) but this is readily taken into 
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consideration when designing the diagnostic primer. The diagnostic primer is preferably an 
ARMS primer. (The concept of ARMS primers is described fully in Newton et al. Nucleic 
Acid Research 17 (7) 2503-2516 1989). As a result ARMS primers can be designed for the 
detection of the G M iA point mutation given only sequence information on the wild type. 
5 strobilunn analogue sensitive, cytochrome b gene. There is no need to have access to a 

resistant isolate in new fungi of interest resulting from a G M iA mutation. Some examples of 
relevant plant pathogenic fungi are listed in Table 2. This list is not meant to be in any way to 
be exclusive. The skilled plant pathologist will be able to readily identify those fungi to 
which the methods of this invention are relevant. 





Examples ol species in which G !4 >A can be assayed : 


1 


PLismopara viticola 


2 


Lrxsiphc c 1 'rum mis j.sp. tritici/hordei 


3 


Rhxnchosporium sccalis 


4 


Pyrcnophora teres 


5 


M xcosphaerclla gramiiucola 


6 


Mxcosphaerclla fijiensis var. difformis 


7 


Spluwrothecu fuliginea 


8 


Uncimda nevator 


9 


CoIJetotrichwn i*raminicola 


10 


Pxt luum apltunide rtnaium 


1 1 


CoWe to trie hum # loe ospo no id es 


12 


Did i urn 1 xcopcrsicum 


13 


LeveiHida taurica 


14 


Pscudoperonospora cubensis 


15 


Ahem a na sol an i 


16 


Ce / c ospora a rod i idol a 


17 


Rluzoctoma solani 


18 


Yentuho inacqualis 


19 


Magnaportlw grisea 


20 


Ph xtophthora infestans 
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2 1 M wosphaerellu musicola 

Table 2: Hxample of species where G| 4 ;A can he assayed 

The methods of the invention described herein arc particularly useful in connection 
with plant pathogenic fungi and especially with the following fungal species: Piasmoparu 
vituola. Erysiphe gramims f.sp. trilici/hordei. Rhynchosporium secalis, Pyrenophora teres. 
5 Mxcnsphaerelht gramhucala. Venturia inaequalis, Mycospluwrcllu fljiensis var. diffonnis. 
Sphaeroiheca fulifthwa, Uncinuia nccaror, Colletoiricluun graniinicola. Pxthimn 
aplianidermaiitm. Colieiotrieiuan i*lt>eosporioides, Oidium Ixcopersicum. Ma^tuiponlw 
iiiiwa. Phywphihora infestans, Lcvetllulu uinru a. Pwudopvronospora vuhvnsis. Altcnwria 
solum. Rhizocronia solani, MxcospltaerelJa musicola and Cercospora aracludola 

! n !n :i kniher aspect the mvennon nrovwJo :i method lor deieriin* 1 fungal resistance to a 

strobiiurin analogue or any other compound in the same cross resistance group said method 
comprising identifying the presence or absence of a mutation in fungal nucleic acid wherein 
the presence of said mutation gives rise to resistance to a strobiiurin analogue or any other 
compound in the same cross resistance group said method comprising identifying the 

15 presence or absence of a single nucleotide polymorphism occurring at a position 

corresponding to one or more of the bases in the triplet coding for the amino acid at the 
position corresponding to S. cerevisiae cytochrome h residue 143 in the cytochrome /> 
protein 



20 detecting fungal resistance to a strobiiurin analogue or any other compound in the same cross 
resistance group said method comprising identifying the presence or absence of a mutation in 
fungal nucleic acid wherein the presence of said mutation gives rise to resistance to a 
strobiiurin analogue or any other compound in the same cross resistance group said method 
comprising identifying the presence or absence of a single nucleotide polymorphism 

2*^ occurr ing at a position corresponding to (he second base m the triplet coding for the ammo 
acid a: the position corresponding to \. irrrr/wdr cytochrome h residue 143 in the 
cytochrome /> protein 



single nucleotide polymorphism at a position corresponding to the second base in the triplet 
coiling for the amino acid at the position corresponding to .S. cerevisiae cytochrome b residue 



In j further preferred embodiment of this aspect the invention provides a method for 



in a pi el erred embodimen; oi this aspect oj the in\ention the presence or absence oj a 
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143 in (he cytochrome h gene in fungal nucleic acid is identified using any (or a) single 

nucleotide polymorphism detection techniques . 

The invention further provides a fungal DNA sequence encoding all or pan of a wild 

type cytochrome h protein wherein said DNA sequence encodes a glycine residue at the 
5 position corresponding to S. cerevisuie cytochrome h residue 143 in the wild type protein 

wherein said sequence is obtainable or obtained from a fungus selected from the group 

consisting of Plusmopara viin olu, Erysiplw gruminis f.sp. tritici/hordei. Rhxnchosporium 

seculis, Pyrcnophora teres. Myi ospliacrefla iiraminuola. Mycosphaereila fijiensis var. 

dijlormis. Splwerotlwca fuliginea. Uueuuda neealor. Collefotrichtwi i^rwninicoJa. Pvihuun 
10 uphaniJernuttwn, Colleiotric hum gloeosparioides, Oidium Ixeopersimin. Levcillulu taurica. 

Pscudopcnmospora eubcnsis. Al tenia via .solum. Rhi:octamu sttlani, Mxcosphuerella 

nmsicola and Ci teospora amchidola. 

The fungal DNA sequences according to the above aspects of the invention preferably 

comprises around 30 nucleotides on either or both sides of the position in the DNA 
15 corresponding to one or more of the bases in the triplet, preferably corresponding to the 

second base in the triplet coding for the amino acid at the position corresponding to 5. 

cerevtsiae cytochrome h residue 143 in the protein since tins extent of nucleic acid provides 

the skilled man with all information necessary to design species and mutation specific 

reagents and/or methods for use in all single nucleotide polymorphism detection techniques. 
20 As used herein the term around 30 means that the sequence ma\ comprise up to 30 

nucleotides, for example 5, up to 10, 15. 20, or 25 nucleotides or may comprise more than 30 

nucleotides. 

As used herein in connection with all DNA and protein sequences the term 'all or part 
of is used to denote a DNA sequence or protein sequence or a fragment thereof. A fragment 

25 of DNA or protein may for example be 10%-. 20%, 25%. 30%, 40%, 50% . 609r , 70%, 75% , 
80^ , 85%, 90' ; ; , or 95 r /< of the length of the whole sequence. 

It will be evident to the man skilled in the art that both samples containing genomic 
(mitochondrial) and cDNA may be analysed according to the invention. Where the sample 
contains genomic DNA intron organisation needs to be taken into account when using the 

30 sequence information. Examples of w ild type fungal DNA sequences comprising part of the 
wild type cytochrome b gene sequence according to the above aspect of the invention are 
provided in the table below and said sequences form a further aspect of the invention. 




PCT/G BOO/0 1620 



Species 


Sequence 


PlasmojKtru vilicolu 
(cDNA &l »enomit ) 


5 " TTTTG C CTTG G G GACAAATGAG TTTTTG G GG ' I G C A A C 
AGTTATTACAAATTTATTCTCGGC V (SEQ ID NO 1 } 


Erxstphc grammis f.sp. 
tritici/hordci cDNA &. 
(cDNA A: genomic) 


5TATTGCCATACGGGCAGA1GAGCCACTGGGGTGCAAC 
CGTTATCACTAACCTAATGAGCGC .V (SEQ ID NO 2) 


Khvm lufspormin secali.s 
(cDNA Sc genomic ) 


5 ' TGCTTCCTTATGG AC AG A7 GTCTTTATG AGGTGCC AC 
AGTTATAACTAATCTTATGAGTGC 3" (SEQ ID NO 3) 


f'vi enapitoru teres 
icDNAi 


5 " TTTTACCCT ACGGGC A A Al G A GCC TTTG A( JGTGC I AC 
AGTTATTACTAACCTTATGAGTGC V (SEQ ID NO 4) 


I'vrcnophoi a teres 


5 " TTTT A CCCT A CG< j GC A A Aid A GCCTTTl i A ( iGTG A A A T 
A TTTGCCTC A A A "P 'TAT A ACTA AT V iSF-O |[) NO 5 J 


A/\ ( tnpiiacrcllu \*iwiiinw<>in 
(cDNA genomic ) 


S TA1TACCTTA1 G< TrCAAA'I GTC1TI A 1 GA( .GAGCAAC 
AGTTATAACTAACrTATTGAGTGC 3" (SEQ ID NO 6) 


Ahunphacrelhi fijieiiMs vai . 
cJittornm (cDNA & genomic) 


5 " TTTT A CC n' A TG G TC A A A TGTCTH" A TG A GGA G CT A C A 
GTTATAACTAATri'AATGAGCGC 3' (SEQ ID NO 7) 


Spluieiotluca fufifsntca 
(cDNA) 


VTA CTTCCCTTCG G TC A A A TG TC G CTCTC i G G G TG C A A C 
CGTTA'n ACTAACCn ATC.AGCGC V (SEQ ID NO 8) 


Spluwroiiwi a juligtiwa 
(genomic - *6bp upslream 
available) 


y 

! TCTGGGGTGC A ACCG1TA AGTA ATAGCGGTTGTA A A A 
(SEQ ID NO 9) 


I 'in inula nvcator 
(cDNA) 


^"TTn ACCCTACGGGCAGA TGAGCCTATGG* iGTGCAAC 
CGTTATTACTA ACCTTATG A( JCGC 3" (SEQ ID NO 10) 


line inula necaior 
(genomic - * l()bp upstream 
available) 


5 " * AGCCTATGGGG TGC A ACCGTTA AGTA GG TA AT AGCG 
GTTGA X (SEQ ID NO 1 1) 


Collcnm <u Jiuni gratnuueotu 
(genomic & cDNA) 


.SlTrrACCTl ACGGACAAATGTCATIATGAGGTGCTAC 
AGTTATTACTAACCT1 ATAAGTC.C 3' (SEQ ID NO 12) 


Pvlhtuni opiuuuder malum 
i genomic lV cDN A ) 


^TAlTACC'TTGC'.C'.GTC.'AAATGAGl'rTrrGGCJGTCiCl'AC 
TGTI A IT A( TA ATTI A1TITC \G( V (SEQ ID NO 13) 


C ollcit urn hum 

yloeo\f>,>i ionics (genomk A: 

lDNAi 


S ' TIT I A C( TI A TC.G A C A A A 1 G TC \ IT A T( \ AGO I ( i( A AC 
ACiTTATTACTA A<*«_T1'ATAA( iTGC 3" (Si Q ID NO 14) 


Oidmm l\i opcrsicum 
(cDNA) 


5'TITI ACCCTA( '< ".GGCAG A TGAGCCTGTGGC iG K iCA AC 
CGTTA TTACJ AACCITATGAGCGC 3' (SEQ ID NO 15) 


l.cvvilluhi nturicu 


" TITT A C< * A T A ( * G G A C A A A TG TC A TT A TG A C i G T( i C A A C 
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14- 



lc UNA ) 


AGJ IATIACTAACCT1 ATGAGTGC V { SEQ II) NO |m 


Pu-itciopcro/io^pn/ii ( nhcn\is 
(l'DNA & genomic ) 


s T m ACGI1GGGGACAAATGAG1T1TTGGGG1 GCAAC 
TG TT A TT A CT A A TTT A 'IT"I TCT< ] ( V , SHQ II) NO 17) 


Alit'iiKii ki solum 
(lI)NA A: genomic) 


VTrCTTCC7TATGGGCAA AT< V\ f/TTTATG AGGTGCI AC A 
GT1 ATT ACTAACCTI ATGAGTGC V <SKQ II) NO IS, 


('{■it o\poia (inn l\ult)la 
(cDNA &l genomic ) 


5 1 A I I AC C Fl A TGGACA A 'VI i VI t " A FT Al r ^ c r ' \rr-r \/- 
AGT] ATI A(TAATT7 ATTATCTGC V <SEQ ID NO 


Rhi:in~u>nui solant 
(cI)NA ) 


5 TGCTTCc A 1 AL GGGCAAATG TCTCTGTGGGGTGCTAC 
ACTA ATI ■■XCTAATTTACnTCTi;.*; 3" i SFO ID No 20 1 


M\ ( itsflniri clla mu\u ola 
Kvimmk (V lDNA ) 


> n I I AC <_ I I A I G G I C A A A I C iT( * TTT A TG A GG A G( 1 AG A 
( j IT A T A A CT A A TTT A A TG A G TG C V (SF-;Q ID NO 2 1 



In the above table ihe second base in the inplei coding foi the ammo acid al the 
position corresponding to S ccrcvisuw cytochrome b residue 143 which icsuhs m the 
replacement of the normal glycine residue with an alternate amino acid wherein said 
replacement confers resistance to sirobilurin analogues or a compound within the same cross 
resistance group is in bold and underlined. 

The invention also extends to a fungal DNA sequence show mg homology or 
sequence identity to said DNA sequences , n Table 3 and aners for example, variations m 
DNA sequences found in different samples or isolates of the same paries. These variations 
may. for example. be due to the use of alternative codon usage, varying mtron/exon 
mitochondrial organisation and ammo acid replacement. 

In a further aspect the invention provides a fungal DNA sequence encoding all or pan 
of a cytochrome /; protein winch, when said sequence is lined up againsi the corresponding 
vwld type DNA sequence encoding a cytochrome b protein, is seen to contain a single 
nucleotide polymorphism mutation at a position in the DNA corresponding to one or more of 
the bases in the triplet coding for the ammo acid at the position corresponding to S. 
cc/nvW cytochrome b residue 143 in the protein which results in the replacement of the 
normal glycine residue with an alternative ammo acid with the proviso that sa.d DNA 
sequence is not the Mvccna ^alopoda sequence encoding cytochrome b. 

In a further preferred embodiment of this aspect the invention provides a fungal DNA 
sequence encoding all or part of a cytochrome b protein which, when sa.d sequence is lined 
up against the corresponding wild type DNA sequence eroding a cytochrome b protein, is - 
seen to contain a single nucleotide polymorphism mutation at a position in the DNA 
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corresponding to ihe second base jn the tnplei coding foi the ammo acid at the position 
corresponding to S. ccrevisiae cytochrome b residue 143 in the protein which results in the 
replacement of the normal glycine residue with an alternative amino acid with the proviso 
that said DNA sequence is not the Myccna ^alopoda sequence encoding cytochrome b. 
5 The fungal DNA sequence according 10 the above aspect of the invention preferably 

comprises around 30 nucleotides on either or both sides of the position in the DNA 
corresponding to one or more of the bases in the triplet, preferably corresponding to the 
second base in the triplet coding for the amino acid at the position corresponding to S. 
i crcvisiac cytochrome h residue 143 in the protein since this extent of nucleic acid provides 
0 the skilled man with all information necessary to design species and mutation specific 

reagents and/or methods for use in all single nucleotide polymorphism techniques. As used 
herein the term around 30 means that the sequence may comprise up to 30 nucleotides, tor 
example 5, up to 10, J 5, 20, or 25 nucleotides or may comprise more than 30 nucleotides. 

The invention further provides a fungal DNA sequence encoding all or part of a 
mutant cytochrome /; protein wherein the presence of a mutation in said DNA confers 
resistance to a strobilunn analogue or a compound within the same cross resistance group, 
said mutation occurring at a position in the DNA corresponding to one or more of the bases 
in the triplet coding for the amino acid at the position corresponding to 5 c crevisiae 
cytochrome b residue 143 in the protein with the proviso that said DNA sequence is not the 
M\cena galopoda sequence encoding cytochrome 

In a preferred embodimeni of this aspect the invention further provides a fungal DNA 
sequence encoding all or part of a mutant cytochrome h protein wherein the presence of a 
mutation in said DNA confers resistance to a strobilunn analogue or a compound within the 
same cross resistance group, said mutation occurring at a position in the DNA corresponding 
to the second base in the triplet coding for the amino acid at the position corresponding to S. 
ccrevisiae cytochrome b residue 143 in the protein with the proviso that said DNA sequence 
is no! the Mxceiui $aloptnia sequence encoding cytochrome l>. 

In the above aspects of the invention the mutation occurring a: a position in the DNA 
corresponding to the second base in the triplet coding for the amino acid at the position 
corresponding to S ccrevisiae cytochrome b residue 143 in the protein is preferably a 
guanine to cvtosine base change. 
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The fungal DNA sequence encoding all or pan of a mutant cytochrome h protein 
wherein the presence of a mutation in said DNA confers resistance to a strobilurin analogue 
or a compound within the same cross resistance group, according to the above aspects of the 
invention is preferably obtainable or obtained from a fungus selected from the group 
consisting of Plusmopura vitu ola, Erysipfw %rummis f.sp. tritici/hordci. Rhxnchosporium 
secidis. Pxrenophora teres. Mycosphaerctla graminicold. Venturis inuapudis. 
Mwosphaerella fijiensis var. difformis, Sphaerotheca fuligmea. Unc inula necator, 
Collciofruhum i>ramuiicola, Pythhim aphanidermanmi, Co/lcfoirk hum t>locosp t >rioidcx, 
Oidium Ixcoperskum. Maf*naporrhe i>ri\ea. Phyiophthom infesiam. Levciilala tuitrua, 
Pseudopcronospora citbensis, Ahcnwria solum. Rhizocumia solum. Mwosphacrclla 
musicola und Cercospora aruchidolu. 

The invention extends also to DNA sequences comprising all or pan of the sequences 
provided in Table 3 wherein the residue at a position in the DNA corresponding to the 
second base in the triplet coding lor the amino acid at the position corresponding to S. 
ccrcvisiuc cytochrome h residue 143 in the protein is a cytosinc residue (SEQ ID NOS 176 
to 196). These sequences are shown below and form a further aspect of the invention: 
5 "' riTTG CC TTG G G G AC A <\ A TG A GTTTTTC i G G CTG C A A C A G TT A TT A C A A A TTT A TT CTCG G C .V 
(SEQ ID NO 176,. 

5 * T V IT< ! 3CC A T A C G G GC A G A TG A G C C A CTG G G C'l "G C A A C C G "IT A TC A CI A A CCT A A 
TGAGCGC - - (SEQ ID NO 177) 

VTGCTlX'CTTATGGACAGATCiTCTTTATCjAGClX^CX'AC'AC'iTrA'rAACTAATCTTAI" 
GAGTGC V. (SEQ 10 NO 178) 

5'TnTACCCl"ACGGGCAAATGAGCCTll"GAGCTGCTACAGTTATrACl'AACCTTAT 
GAGTGC X- (SEQ ID NO 179) 

f> "TTTTACCCTACGGGC A A ATG AGCCTTTGAGCTGA A A TATT1 GCCTCA A ATG I ATA 
ACTA AT 3 - (SEQ ID NO ISO) 

.VT ATTACCTTA FGGTC : AAATGTCTITATGAGCAGC AAC 'ACTI ATA AC TAAC1TATTGAGTG 
C X (SEQ ID NO IX]) 

.VTrTTACCTTA'I ( 5GTCAA Al GTCTT1 A I GA( ICAGCl ACAG IT ATA AO'A A1TI AAT 
GAGCGC 3*- (SEQ ID NO 182) 

5'TACTTCXCTTCGGTCAAATGTCGCTCrGGG 
GAGCGC .V. (SEQ ID NO 183) 

y * TCTGGGCTGCAACCGTTAAGTAATAGCGGTTGTAAAA- (SEQ ID NO 184) 

5 TTTT A CC 'CT A C< I G G C A G A TG A G CCT A I G G *. t CTG C A A CC G TF A I T A CT A A CCTT A T 

GAGCGC V- (SEQ ID NO 185) 
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5 *AGCCTATGGGCTGCA ACCGTTAAGTAGGTA ATAGCGGTTGA X- (SEQ ID NO IK<» 
5 * TTTT A CCTT A CG G A C A A ATGTC A TT A TG A G CTG CT A C A G ' I T A TI " A CI A A CCTT AT 
AAGTGC3 - (SEQIDNO 187} 

VTATTACCTTGOGGTCAAATG AGTTTTTGGGCTGCI ACTGTT ATI ACT A ATTTA1T 
5 TTCAGC X- (SEQ ID NO ! 88) 

.S'TTTTACCTTATGGACAAATGTCATTATGAGCTGCAACAGTTATl'ACTAACCTTAT 
AAGTGC X- (SEQ ID NO 1X9) 

.VTTTTACCCTACGGGCAG ATG AGCCTGTGGGC1 GC A ACCGTTATTACTA ACCTTAT 
GAGCGC X- (SEQ ID NO 190) 
1 0 5'TTTTACCATACGGACA AATGTCAT1 ATCAGCTGCA ACAGT1 AIT AC I AACCTTAT 

GAGTGCT-fSHQIDNO 19!) 

5 " TTTT ACCTrG G G G A C A A ATG A G TTTTTG G G CTG C A A CTGTT A TT A CT A A TIT AW 
TTCTGC X- (SEQ ID NO 192) 

S Tim CC 'IT A I GGGC A AAl G'l C TIT "ATG A( .CT< iCTACAG ITAll AC I AACT I'I A I 
15 GAGTGC X- (SEQ ID NO 193) 

51 ATTACCTTATGGACAAATGTCATT ATGAGCAGCTACAGTT ATTAC TAA TIT AIT 
ATCTGC X- (SEQ ID NO 1 94) 

VTGCTTCCATACGGGCAAATGTCTCTGTGGGCT GCTACAGTA ATT ACTA ATTT ACT 
TTCTGC .V- (SEQ ID NO 195) 
20 5 ' TTTT A CCTT A TG G TC A A A TGTCTTT A TC i A GC A G CT AC A C iTT AT A A CIA ATTT A A TG A G TG 

C V (SEQIDNO 196) 

The invention also extends to a fungal DNA sequence showing homology or 
sequence identity to said DNA sequence containing said polymorphism and covers for 
example, variations in DNA sequences found in different samples of the same species. These 
25 variations may, for example, be due to the use of alternative codon usage, varying 
intron/exon mitochondrial organisation and amino acid replacement. 

The DNA sequences encoding all or pan of a wild type or mutant cytochrome b 
protein as described herein are preferably in isolated form. For example through being 
partially purified from any substance with which it occurs naturally. The DNA sequence is 
M) isolatable (obtainable ) or isolated (obtained) from the lungi disclosed herein. 

The invention funhei provides a computer readable medium having stored thereon 
any of the sequences described and claimed herein and including all or pan of a DNA 
sequence or protein sequence encoding a mutant cytochrome b protein a> herein described 
wherein the presence of a mutation gives rise to fungal resistance to a strobilurin analogue or 
35 any compound in the same cross resistance group; all or part of a DNA or protein sequence 
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encoding a mutant cytochrome h protein wherein said protein confers fungal resistance [o a 
sirobilunn analogue or a compound in the same cross resistance group from a fungus 
selec ted from the group Plasmopara viin ohi. Erxsiphe \*raininis f.sp. trhici/linrdci 
Rhxnchospanuni secalis. Pxrenophora teres. Mxco.sphaerelhi ^raininicala. Yentuna 
mavijiuilis. Mxcosphaerella jijiensts var. difjonnis, Sphaerotheca fuhuinca. Uncinuia 
necator. Collctotruhum gmminwola, Pxtluum aplumidermatuni. Collefotrn hum 
xloeosporiouies, Oidium Ixcopersii uni, Ma\»naponhc xriseu. Phxtoplithora infestans. 
Leveilltila laurica. Pseudopcronospora cuhensis, Alternaria solan 'r Rhizocumiu solum. 
A/vc ospiiacrclia musicohi and Cercospora arm hidola. with the proviso that said DNA or 
protein sequence is not the Mvcena galopoda cytochrome h sequence; all or part of a DNA or 
protein sequence encoding a wild type cytochrome h sequence from a fungus selected from 
the group Plusnuipara vilicoht. Erwiphe itramtms f.sp. irmci/hordci. Rhxnchosponum 
.senilis. Pxrenophora teres. Mxcosphaerella t> ram inn ola, MxcospliucrclLi jijiensis vai. 
dijformis. Spitaerotheca juii^mea. Uncinuia necator, Colletotrichuni granwucola. Pxrlnum 
aphaniderniatum. Callctolrit hum ^/oeosporioides. Oidium Ixcopersicum, Lcveilluhi tuuru a. 
Pseudoperonospora cuhensis. Allcmaria solani, Rhisociotua solan i. Mxcosphaerella 
musicola and Cercospora uraciudola: or an\ allele spec i fie oligonucleotide; allele specific 
oligonucleotide probe, allele specific primer, common or diagnostic primer disclosed herein 

The computer readable medium may be used, for example, in homology searching, 
mapping, haploiyping, genoiyping or any other bioinformalic analysis, Anv computer 
readable medium may be used, lor example, compact disk, tape, floppy disk, hard dine or 
computer chips. 

The polynucleotide sequences of the invention, or parts thereof, particularly those 
relating to and identifying the single nucleotide polymorphisms identified herein, especially 
the G to C change in fungal cytochrome h causing the G, 4 ;A change in the encoded protein, 
represent a valuable information source. The use of this information source is most easily 
facilitated by storing the sequence information in a computer readable medium and (hen 
using the information in standard bioinformalics programs. The polynucleotide sequences of 
the invention are particularly useful as components in databases for sequence identity and 
other search analyses. As used herein, storage of the sequence information in a computer 
readable medium and use in sequence databases in relation to polynucleotide or 
polynucleotide sequence of the invention covers any detectable chemical or physical 
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characteristic of a polynucleotide of the invention that may be reduced to. convened inio or 
stored in a tangible medium, such as a computer disk, preferably in a computer readable 
f orm. For example, chromatographic scan data or peak data, photographic scan or peak data, 
mass spectrographs data, sequence gel (or other) data. 
5 A computer based method is also provided for performing sequence identification, 

said method comprising the steps of providing a polynucleotide sequence comprising a 
polymorphism of the invcnhon in a computer readable medium and comparing said 
polymorphism containing polynucleotide sequence to at least one other polvnucleotide or 
polypeptide sequence to identify identity (homology) i.e. screen for the presence of the 
10 polvmorphism. 

The invention further provides a fungal cytochrome /? protein winch confer- fum!a! 
resistance to a sirohilurin analogue or a compound within the same cross resistance group 
wherein in said protein a normal glycine residue is altered due to the presence of a mutation 
in the DNA coding for said protein said mutation occurring at a position in the DNA 
1 5 corresponding to one or more of the bases in the triplet coding for the amino acid at the 
position corresponding to S. ccrcvisiac cytochrome b residue 143 in the protein with the 
pro\iso thai said sequence is not the Myccna ^aloj^oda evtochrome /; sequence. 

In a preferred embodiment of this aspect the invention further provides a fungal 
cytochrome h protein which confers fungal resistance to a sirobilurin analogue or a 
20 compound within the same cross resistance group wherein in said protein a normal glycine 
residue is altered due to the presence of a mutation in the DNA coding for said protein said 
mutation occurring a! a position in the DNA corresponding to the second base in the triplet 
coding for the amino acid at the position corresponding to S. cerevisiuc evtochrome /; residue 
143 in the protein with the proviso that said sequence is not the Mvcrna gulopoda 
25 cytochrome b sequence. 

The Mvccini ^nlojunia cytochrome /> sequence is described b\ Kraic/v et al (fair. J 
Biochem. 235. 54-03 I IWd)) and the DNA sequence is m the lAIBl. data base LMBL 
AcesMon No. XS7W7. 

I he glycine residue in the protein according to the above aspect of the invention is 
30 prelerably replaced by an alternative amino acid and said replacement results in the said 

tungi showing resistance to a strobilunn analogue or any other compound in the same cross 
resistance group. 
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The mutation according to the above aspect of the invention preferably results in the 
replacement of said glycine residue with an amino acid selected from the group arginine, 
serine, cysteine, valine, aspanic acid, glutamic acid and most preferably alanine. 

In a further aspect the invention provides an antibody capable of recognising said 
mutant cytochrome h protein. 

In a further aspect the invention provides a method for the detection of a mutation in 
fungal cytochrome h gene resulting in replacement in the encoded protein of a glycine 
residue at the position corresponding to S. cerevisuu' cytochrome h residue 143 said method 
comprising identifying the presence und absence of said mutation in a sample of fungal 
nucleic acid wherein any (or a) single nucleotide polymorphism detection method is based on 
the sequence information from around 30 to 90 nucleotides upstream and/or downstream of 
the position corresponding to one or more of the bases in the triplet coding for the amino acid 
at the position corresponding to S. verevisiae cytochrome b residue 143 in either the wild 
type or mutant protein. 

In a turther preferred embodiment of this aspect the invention provides a method for 
the detection of a mutation in fungal cytochrome b gene resulting in a G. nA replacement in 
the encoded protein said method comprising identifying the presence and absence of said 
mutation in a sample of fungal nucleic acid wherein any (or a) single nucleotide 
polymorphism detection method is based on the sequence information from around 30 to 90 
nucleotides upstream and/or downstream of the position corresponding to the second base in 
the triplet coding for the amino acid at the position corresponding to S. cvrcvisiae 
cytochrome b residue 143 in either the wild type or mutant protein. 

In a further preferred embodiment of this aspect the invention provides a method for 
the detection of a guanine to cytosine mutation in a fungal cytochrome b gene resulting in a 
G U ,A replacement in the encoded protein said method comprising identifying the presence 
and absence of said mutation in a sample of fungal nucleic acid wherein any (or a) single 
nucleotide polymorphism detection method is based on the sequence information from 
around 30 to 90 nucleotides upstream and/or downstream of the position corresponding to 
the second base in the triplet coding for the amino acid at the position corresponding to S. 
cerevisiav cytochrome /; residue 143 in either the wild type or mutant protein. 

The sequence information according to the above aspect of the invention is preferably 
derived from a fungus selected from the group Plasmopara vilicola, Erysiphe granunis f.sp. 
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tritici/lwrdei. Rhynchosparium secalis, Pyrenophora teres, Mycosphaerella gramimcola. 
Venturia inaec/uuiis, Mycosphaerella ftjiensis var. difjonms. Sphuerotheca Juliginea, 
Uncinula necator, Colletotrichum gramuucoia, Pythium aphanidermaium, Colletotrichum 
gloeosporioides, Old mm lycopersicum, Magnaporthe grisea, Phytophlhora infesiany 
5 Leveillula laurica, Pseudoperonospora cubensis, Alternaria solum, Rhizoctonia solum, 
Mycosphaerella musicola and Cercospora arachidola and more preferably from the "roup 
Plasmopara viticola, Erysiphe graminis f.sp. rhtici/hordei, Rhynchosporium secalis, 
Pyrenophora teres. Mycosphaerella graminicola, Mycosphaerella ftjiensis var. diffonms. 
Sphuerotheca fuliginea, Uncinula necator, Colletotriclutm graminicola, Pythium 

10 aphanidermaium. Colletotrichum gloeosporioides, Oidium lycopersicum, Leveillula laurica, 
Pseudoperonospora cubensis, Alwrnnrin solani. Rhirochmia solum, Mycosphaerella 
musicola and Cercospora arachidola. 

As used herein the term around 30 means that the sequenee may comprise up to 30 
nucleotides, for example 5, up to 10, 15, 20, or 25 nucleotides or may comprise more than 30 

15 nucleotides. In the above aspects of the invention it is preferred that the sequence 

information used is around 30, preferably 30 nucleotides upstream and/or downstream of the 
position corresponding to the second base in the triplet coding for the amino acid at the 
position corresponding to S. cerevisiae cytochrome h residue 143 in either the wild type or 
mutant protein. 

20 The nucleic acid according to the invention is preferably DNA, the test sample of 

nucleic acid is conveniently a lotal DNA preparation from fungal material, a cDNA 
preparation from fungal material or the fungal material itself or plant or seed extracts 
containing fungal nucleic acid. In this invention, we describe the detection of the Gu^A 
mutation by using total DNA preparation, cDNA preparation and by directly using fungal 

25 spore material as template in the PCRs. It will be appreciated that the test sample may 

equally be a nucleic acid sequence corresponding to the sequence in the test sample That is 
to say that all or a pan of the region in the sample nucleic acid may firstly be isolated or 
amplified using an> convenient technique such as VCR he tore use in the method of the 
invention. 

30 The present invention provides a means of analysing mutations in the DNA of 

agricultural field samples which by their very origin are considerably less well defined 
compared with an analogous situation involving human samples. Agricultural field samples 
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arc considerably more difficuli to work with and n is more technically demanding to detect a 
mutation event occurring at a low frequency in amongst a very large amount of wild type 
ON A and/or extraneous DNA from other organisms present in a field isolate compared wnh 
a human sample which generally contains DNA from onlv one individual. 

Any convenient enzyme tor polymerisation may be used provided that it has no 
intrinsic ability to discriminate between normal and mutant template sequences to an\ 
significant extent. Examples of convenient enzymes include thermostable enzvmes w hich 
have no significant 3"-.V exonuclease activity, for example Taq DNA polymerase, 
particularly *Ampli Taq Gold' ™ DNA polymerase (Pf Applied Biosvsiems). Stoffel 
fragment, or other appropriately N-ierminal deieied modifications of Taq {Thermits 
lUjuaiicus) or Tih (Thermits thcrmophihts) DNA polymerases. 

In a further aspect the invention provides an allele specific oligonucleotide 
capable of binding to all or part of a fungal nucleic acid sequence encoding a w ild type 
cytochrome /> protein selected from the group consisting of Plasmopara viricola, Krysiphe 
yraminis f.sp. tritiei/liordei. Rhytu hosporitim seeahs, Pyrenophora teres. Myeosphaerella 
^raminieola. Veiuttria ifiaeqitalis. Myeosphaerella fijiensis vai. dijformis. Spdtacrotheea 
fKlmi/H ij. [Jneimthi ncrator. Colletotrielutm ^ram'm'u {>la. P\thinm aphanidermatum. 
Colletotriehttm yloeosfu nioides. Oidiitm h e <>persiettm. MawuiportJie arise, Phyfophfhora 
injesians. Leveilhtia tanriea. f^einloperonospora (nhen\i\. Ahcmaria sohmi. Rhizoctonia 
soltini. Myeosphaerella mttsieola ami Cereospora anichid<>Li wherein said oligonucleotide 
comprises a sequence which recognises a nucleic acid sequence encoding a glycine residue at 
the position corresponding to S. eerevisiae cytochrome h residue 143. 

In a preferred embodiment of this aspect of the invention the said fungal nucleic acid 
sequence is selected from the group consisting of Plasmopara viticola, Erxsiphe graminis 
f.sp. rritiei/hordci. Rhynehosporium secalis, Pyrencphora teres. Myeosphaerella 
firaminicola, Myeosphaerella fijiensis \ ar. difformis. Sphacrothcca fuliiiiuea, Uneuutla 
tieeatot. Colletotrn hmn ^raminicola. Pythutm aphanidermatum, Colletotriehttm 
^loeosponoides. Oidiitm lyeopersieum. Leveilhtia taitriea. Psettdoper<mospora eubensis, 
Altemaria solani, Rhizoctonia solani. Myeosphaerella mttsieola and Ccnospora araehidola. 

The lungal nucleic acid according to the above aspects of the invention is preferably 

DNA. 
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In a further aspect of the invention we provide an allele specific oligonucleotide 
capable of binding to a fungal nucleic acid sequence encoding all or pan ot a mutant 
cytochrome h protein wherein said oligonucleotide comprises a sequence which recognises a 
nucelic acid sequence encoding an amino acid selected from the group arginine. serine, 

5 cysteine, valine, aspartic acid, glutamic acid , tryptophan, and most preferably alanine at the 
position corresponding to S. cerevisiae cytochrome b residue 143. 

In a preferred embodiment of this aspect of the invention we provide an allele 
specific oligonucleotide capable of binding to a fungal nucleic acid sequence encoding all or 
pan ol a mutant cytochrome b protein selected from the group consisting of Plasmopara 

10 viiicola. Ervsiphe i>raniini.s f'.sp. tri/iei/Iwrdei. Rhynthosporium svealis, Pyrvnophora teres. 
MxcospfuwrelUi vraminicola. Venmna imwqualiy MyeosphaereUa fijiensis \ ar. difformis. 
Sphavrothcca fuliginea, Uncinula uveal or. Collviotrichum i>rawinicola, Pxthtum 
aphaniJvrniaiuni Collvlotriehum gloeosporioides, Oidium lyeopersieum. Maj>naporthv 
vrisea. Phviophlhora infesians. Leveilhila laurica. Pseudopvronospora cubensis, Alicrnaria 

1 5 \olani, Rhizoeionici solani, MyeosphavrvUa musicola and Cereospora araehidola wherein 
said oligonucleotide comprises a sequence which recognises a nucleic acid sequence 
encoding an amino acid selected from the group arginine, serine, cysteine, valine, aspartic 
acid, glutamic acid, tryptophan, and most preferably alanine at the position corresponding to 
S. cerevisiae cytochrome h residue 143. 

20 The fungal nucleic acid according to the above aspects of the invention is preferably 

DNA. 

In a further aspect the invention provides an allele specific oligonucleotide probe 
capable of detecting a fungal cytochrome h gene polymorphism at a position in the DNA 
corresponding to one or more of the bases in the triplet coding for the amino acid at the 
25 position corresponding to S. cerevisiae cytochrome b residue 143 in the protein. 

In a further preferred embodiment of this aspect the invention provides an allele 
specific oligonucleotide probe capable ol detecting a fungal cytochrome /' gene 
polymorphism at a position in the DNA conesponding to the second base in the triplet 
coding for the amino acid at the position corresponding to S cerevisiae cytochrome b residue 
30 143 in the protein. 

In further preferred embodiments of the above aspect of the invention said 
polymorphism is a guanine to cytosine base change, the mutation is in a fungus selected from 
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(he group consisting of Plasmoparo vtiicola. Erxsiphe yraminis j.sp. triiici/iiordei, 
Rhviichosporium secidis. Pyrenophora teres, Mxcosphaerellu xraminicola. Veuturia 
iuacqualis. Mycosplwerella fijiensis var. diffonms. Spliaemfheta fulii>inea, Uncinula 
neeator, Colleioinciutm t>ruminiatla, Pythium uphaniderniutum. Colletotrichum 
gl<>eosp<>rioide.s, Oidium lycoperstewn. Ma^naponfie i>n.\ea. Phytophthora mjesians. 
LeveUhdu lunrica. Pseudoperonosporu vubensis. Altemurta \olani. Rhtzociomu solum, 
Mvcospluiere/la nmsicola and Cereospora arachidola. 

The allele-specific oligonucleotide probe is preferably 17 to 50 nueleoiides long, 
more prelerable about 17-35 ruieleotides long and most preferable about 17-30 nucleotides 
long 

The design of such probes will be apparent lo the molecular biologist of ordinal ) skill 
and ma\ be based on DNA or RNA sequence information. Such probes are of anv convenient 
length sue h as up lo 50 bases, up to 40 bases, more conveniently up to 30 bases in length, 
such as for example X-25 or 8- 15 bases in length. In general such probes will comprise base 
sequences entirely complementary to the corresponding wild type or variant locus in the 
gene. However, if required one or more mismatches may be introduced, provided that the 
discriminatory power of the oligonucleotide probe is not unduly affected. The probes of the 
invention may carry one or more labels to facilitate detection. 

The invention further provides nucleotide primers which can detect the nucleotide 
polymorphisms according to the invention. 

According to another aspect of the invention there is prov ided an allele specific 
primer capable of detecting a cytochrome b gene polymorphism at a position in the DNA 
corresponding to one or more of the bases in the triplet coding for the ammo acid at the 
position corresponding to S. cerevisiae cytochrome A residue 143 in the protein. 

According to a preferred embodiment oi this aspect of the invention there is provided 
an allele specific primer capable of detecting a cytochrome b gene polymorphism at a 
position in the DNA corresponding to the second base in the triplet coding for the ammo acid 
at the position corresponding to S. cerevisiac cytochrome h residue 143 in the protein. 

In the above aspects the said mutation in the DNA sequence is preferably a guanine to 
cvtosine base change. 

In a further aspect the invention provides an allele specific primer capable of 
detecting a fungal DNA sequence encoding a wild type cytochrome /; protein selected from 
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the group consisting of Plasmopara viticola. Erysiplw yraminis f.sp. triiici/hordet. 
Rhxnchosporium secalis, Pxrenophora teres, Mycosphaerella granuntcola, Yenturia 
inaequalis, Mycosphaerella fijiensis var. difformis, Spliaeroihcca fuligmea, Uncuiulu 
iterator, Collefotrichum graminicola, Pxthium aphanidennatum, Colletotrichum 
5 tfloeosporioides, Oidium lycopcrsicum, Magnaporthe grisea, Phytophthora mfestans. 
Leveillula taurica, Pseudoperonospora cubensis, Altemaria solani. Rhizoctonia solum. 
Mycosphaerella musicola and Cercospora arachidola wherein said primer is capable of 
delecting a DNA sequence encoding a glycine residue at the position corresponding to 5. 
cerevisiac cytochrome b residue 143. 

10 In a preferred embodiment of this aspect of the invention the said fungal DNA 

srnnenre is selected from the group consisting of Plasmopara viticola, Erysiplw yraminis 
f.sp. fririci/hordei, Rhxm hosporium secalis. Pxrenophora teres. Mycosphaerella 
yranunicola, Mycosphaerella fijiensis var. difformis, Sphaerotheca fuliginea. Uncinula 
necalor, Colletotrichum gramimcola, Pxthium aplianidermatuni, Colletotrichum 

15 gloeosporioides, Oidium lycopersicum, Lcveilhda taurica, Pseudoperonospora cubensis, 

Ahernaria solani. Rhizoctonia solani, Mycosphaerella musicola and Cercospora arachidola. 

In a further aspect of the invention we provide an allele specific primer capable of 
detecting a fungal DNA sequence encoding all or pad of a mutant cytochrome h protein 
wherein said allele specific primer is capable of detecting a DNA sequence encoding an 

20 amino acid selected f rom the group arginme, serine, cysteine, valine, aspartic acid, glutamic 
acid, tryptophan, and most preferably alanine at the position corresponding to S. cerevisiac 
cytochrome h residue 143. 

In a preferred embodiment of this aspect of the invention we provide an allele 
specific primer capable of detecting a fungal DNA sequence encoding all or pan of a mutant 

2s cytochrome h protein selected from the group consisting of Plasmopara viticola, Erysiplw 
^raminis f.sp. tritici/hordei. Rhxiuhosporium secalis. Pxrenophora teres. Mycosphaerella 
\irammicola. Ycnturia inaequalis. Mxa*sphaerella fijiensis \ar. difformis. Sphaerotheca 
fnlii'inca. Uncinula necalor. Colletotrichum vrammicola, Pxthium aphamdcrniatum. 
Collcfotrii hum ^loeosporiouh s. Oidium l\Ci>persn urn. Magnaporthc $risca. Phxlophthora 

30 mfestans, leveillula taunca, Pscudopcronospora cubcnsis. Altemaria solani, Rhizoctonia 

solani. Mycosphaerella musicola and Cercospora arachidola wherein said primer is capable 
ot detecting a DNA sequence encoding an ammo acid selected from the group arginine. 
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serine, cysteine, valine, uspamc acid, glutamic acid, tryptophan, and most preteiabK alanine 
at the position corresponding to S. cerevisiac cytochrome /> residue 143. 

An allele specific primer is used generally with a common primer in an amplification 
reaction such as a PCR reaction which provides the discrimination between alleles through 
selective amplification of one allele at a particular sequence position e g as used in the 
ARMS assay. 

We have now devised primers for the G,_nA mutation in the above-listed fungal 
species which have been shown to detect the specific mutations reliably and rohustlv. The 
primers detect the guanine to cytosine base change at a position in the DNA corresponding to 
the second base in the triplet coding tor the amino acid at the position corresponding to S. 
ccrc\ i\tm> cytochrome h residue 143 in the protein . The allele specific primers arc herein 
re 1 erred to as diagnostic primers, in a further aspect the invention therefore provides a 
diagnostic primer capable of binding to a template comprising a mutant type fungal 
cytochrome h nucleotide sequence wherein the final 3* nucleotide of the primer corresponds 
to a nucleotide present in said mutant form of a fungal cytochrome b gene and the presence 
of said nucleotide gives rise to fungal resistance to a strobilurin analogue or any other 
compound in the same cross resistance group. 

The diagnostic primer of the invention is preferably ai least 20 nucleotides in length, 
most prefcrabh 2b nucleotides in length but this may be between 13 and 20 nucleotides in 
length. 

In a preferred embodiment of the above aspect of the invention the penultimate 
nucleotide (-2) of the primer is not ttie same as that present in the corresponding position in 
the wild type cytochrome b sequence. 

In a further preferred embodiment it is the -3 nucleotide of the primer which is not 
the same as that present in the corresponding position in the wild type cytochrome b 
sequence. 

Other destabilising components may be incorporated along with the -2 or -3 
nucleotide. 

In a further particularly preferred embodiment of the above aspect of the invention we 
provide diagnostic primers capable of binding to a template comprising a mutant type fungal 
cytochrome h nucleotide sequence wherein the final .V nucleotide of the primer corresponds 
to a nucleotide present in said mutant form of a fungal cytochrome h gene and wherein up to 
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10. such as up to 8, 6, 4, 2. I. of the remaining nucleotides may be varied with respect to the 
wild type sequence without significantly affecting the properties of the diagnostic primer. 

In a further particularly preferred embodiment of the above aspect of the invention 
we provide diagnostic primers comprising the sequences given below and derivatives thereof 

5 wherein the final nucleotide at the 3' end is identical to the sequences given below and 
wherein up to 10, such as up to 8, 6, 4, 2, 1. of the remaining nucleotides may be varied 
without significantly affecting the properties of the diagnostic primer. 

Conveniently the sequence of the diagnostic primer is exactly as provided below. Ii 
is pre I erred that the ARMS primers in all aspects of the invention are 26 nucleotides in 

10 length. In the majority of the primers listed below the penultimate nucleotide has been altered 
from uild type cyi b sequence to destabilise the primer thereby making it more selective for 
the desired template and these primers are particularly preferred according to the invention, h 
will be apparent to the man skilled in the an of primer design thai bases alternative to or in 
addition to those discussed above may also be varied without adversely affecting the ability 

15 of the primer to bind to the template. 



Pi mier # 


species: 


primer sequence tor ihe detection ot G n ;A 
(V lo 3") 


1 


PUiMiuipara vtiuolu 


CC'H GCTGACAAATG AGTllTTGGAC 
<SLQ ID NO 22) 


2 


Erysiftiw yramim\i s/>. tntti i/iumhu 


CCA 1 A CGGGCAG ATG AGCC ACTGG AC 
(SEQ ID NO 23) 




Rh\iiciios/Kiiium secults 


CCTI A TGG ACAGATCTCm ATGATC 
(SEQ ID NO 24) 


4 


Hyicnophora teres 


C CCT A CG G GC A A ATG A G ( X TIT ( > CGC 
(SEQ ID NO 25) 


s 


MwosphncielUi ^ramimcola 


COTATGG TC A A ATGTC ITI ATG A AC 
(SEQ ID NO 2M 


f> 


KUiosjiimt'telU! }int , n\is \;u difhmius 


CCTTATGGTC AAA I GIG ITI ATGATC 
iSI-O IT' NO 27; 




Spiuirii ','//<•( u fuhviticti 


C( '( TTCGGTCAA ATG1 C( iC ] (TGG AC 
(SEQ ID NO 2H) 


K 


Ihnmuiu necaior 


CCCTACGGGCAGATGAGCC I ATGGTC 
(SEQ II) NO 29) 




( <>lU lolru hum ^mwinuohi 


( X TTA( 'GGACAA AT( i I C ATT A TC i A AC 
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{SEQ ID NO 30) 


10 


P\ t luum apiiaiudcrinalum 


CCTTGG1 GTCA A ATGAGTTTTTGG AC 
(SEQ ID NO 31) 


1 ) 


Collciomchum xloeosponouies 


CCITATGGACAAATGTCATTATGAAC 
(SEQ ID NO 32) 


12 


OiJiutn iycopersicuw 


CCCTACGGGCAG ATG AGCC1 G I GGAC 
(SEQ ID NO 33) 


13 


Level Hula taurica 


CCATACCiGACAAATGTCATTATGAAC 
(SLQ ID NO 34) 


14 


f'scudt/jHionospora < ubt j n\i\ 


CCTTGGG' jACA AA TGAGTTTIT GGAC 
(SEQ ID No 35) 


IS 


Alunutnu solum 


CHI A TG < jGCAA ATGTC 'ITT A TG A A ( - 
(SEQ ID NO 36) 


16 


Ccicaspota aiaciiidoiu 


CCTIATGGACAAA TGI "C ATT ATG A AC 
(SEQ ID NO 37) 


17 


Rhtzoi'Umta solum 


CCA I ACGGGCAA A'l GTC TCTGTGG AC 
(SEQ ID NO 38) 


IS 


I t niuria maequalis 


CiTCJ I ATGGTCAAATGAGCCTATGC.CC 
(SEQ ID NO 39) 


i y 


M.iynophorth? g risen 


CCH "ATG* iACAGATGTC ATI ATG A AC 
(SEQ ID NO 40) 


20 


Pimophilun a infesians 


CC7TGGGGACAAATGAG1TTTTGGAC 
(SEQ ID NO 41) 


2) 


,\f \i <fspiuu rt Ha inuswola 


CCFI ATGGTCA AA'K JTCTTTATGATC 
(SEQ ID NO 42) 



Table 4: ARMS primer design for the detection of the Gin A mutation 



For the purposes of exemplification the primers included in Table 4 include: 

• ARMS primers for P. teres, and V. ineaqualis which can be used effectively either on 
genomic DNA preparations or biological samples including fungal isolates, fungal 
cultures, fungal spores or infected plant material. 

• ARMS primers for S. fulgmea, O. lycopcrsuon. L. taurica. U. iwcator, Phytopthora 
infestans. Magnopnrihc grisca. R. solum w hich may only be effective on cDNA 

• ARMS primers for P.viticola, E.graminis f.sp tritici or hordei R. secalis, M. gramhiicola, 
M.fijicnsis var.diffonnis, C. graminicola, P. aphanidennatum, C. i>Ioesporoidcs. P. 
rubensis, C, arachidola. Mycosphaerella musicola and .4. solani which may he used 
effectively with either genomic DNA preparations. cDNA preparations, cDNA 
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preparations or biological samples incuding lungal isolates, fungal cultures, fungal spores 
or infected plant material. 

cDNA material is recommended for the species where the intron/exon organisation is 
not currently characterised around the single nucleotide polymorphism (SNPj of interest. 
5 To adapt the primers shown in the above Table for use in a standard ASPCR reaction 

the last base at the 3* end should correspond to the point mutation without a destabilising 
base introduced. 

Such primers may be manufactured using any convenient method of synthesis. 
Examples of such methods may be found in standard textbooks, for example "Protocols For 
0 Oligonucleotides And Analogues: Synthesis And Properties;*' Methods In Molecular Biology 
Series: Volume 20: Ed. Sudhir Agrawal. Humana ISBN: 0-89603-247-7; 1993, P' Edition. 

It will be appreciated that extension of a diagnostic primer can be designed to indicate 
the absence of the mutation resulting in a G 14 iA replacement in the encoded protein. The use 
of ARMS primers for the detection of the absence of the mutation resulting in a Gu*A 
5 replacement in the encoded protein is preferred. Primers designed for that purpose are 
described herein. 

The detection of the wild type sequence is useful as a control in relation to the 

detection of the mutation and also is necessary where quantitation of wild type and mutant 

alleles present in a sample is desired. 
0 In a further aspect the invention therefore provides a diagnostic primer capable of 

binding to a template comprising wild type fungal cytochrome b nucleotide sequence 

wherein the final 3' nucleotide of the primer corresponds to a nucleotide present in a wild 

type fungal cytochrome b gene said wild type fungus showing sensitivity to a strobilurin 

analogue or any other compound in the same cross resistance group. 
5 In a preferred embodiment of this aspect of the invention the penultimate nucleotide 

(-2) of the primer is not the same as that present in the corresponding position in the wild 

type cytochrome /> sequence. 

In a further pre toned embodiment the -3 nucleotide of the primer is not the same as 

trial present in the corresponding position m the wild type cytochrome b sequence. 
0 Other destabilising components may be incorporated along with the -2 or -3 

nucleotide. 
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The diagnostic primer of the invention is preferably at least 20 nucleotides in length, 
most preferably 26 nucleotides in length but this may be between 15 and 20 nucleotides in 
length. In a further particularly preferred embodiment of the above aspect of the invention we 
provide diagnostic primers capable of binding lo a template comprising wild type fungal 
cytochrome h nucleotide sequence wherein the final 3' nucleotide of the primer corresponds 
to a nucleotide present in a wild type fungal cytochrome b and wherein up to !(). such as up 
to 8, 6, 4. 2. I. of the remaining nucleotides may be varied with respect to the wild type 
sequence without significantly affecting the properties of the diagnostic primer. 

In a further particularly preferred embodiment of this aspect of the invention we 
provide diagnostic primers comprising the sequences given below and derivatives thereof 
wherein the final nucleotide at the 3" end is identical to the sequences given below and 
wherein up to 10. such as up to 8. 6, 4, 2. I, of the remaining nucleotides may be varied 
without significantly affecting the properties of the diagnostic primer. Conveniently, the 
sequence of the diagnostic primer is exactly as provided below. In the majority of the primers 
listed below the penultimate nucleotide has been altered from wild type cytochrome b 
sequence to destabilise the primer thereby making it more selective for the desired template. 
It will be apparent to the man skilled in the art of primer design that bases alternative to or in 
addition to those discussed above may also be varied without adversely affecting the ability 
of the primer to bind to the template. 



Primer 


Species 


primer sequence tor The detection of WT sequence (.V 10 
.V) 


1 


Plasinopaia vinculo 


CCTIGGTGACAAATGAGTTTTTGGAG (SEQ ID NO 
43) 


2 


Erystplu gruniinis f.sp. rhtici/hordvi 


CCATACGGGCAGATGAGCCACTGGAG (SEQ ID NO 
44) 


3 


Rhxnchosponum secaiis 


CCTTATGGACAGATGTCTITATGATG (SEQ ID NO 
4S) 


4 


Pyrcnophoru icres 


C CCT A CG G G C A A A TG AGCCTTTC j A AG (SEQ ID NO 
46) 


s 


Mxcosplnicii'lla uranmucola 


C CTT A TG G TC A A A TG TC1T1 A TG A AG (SEQ ID NO 
47) 




MycosphacreUa fipensis var .difformts 


CCTT A TG G TC A A A TG TCTTT A T( 1 A TG (SEQ ID NO 
48) 


7 


Sphacrotheca fuhgmea 


C CCTTC G G TC A A A TG TCGC TCTG G A ( i (SEQ ID NO 
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49) 


K 


Uncimdu necaior 


CCCTACOGGCAGATCAGCCI ATGGTG (SEQ ID NO 
50) 


9 


CoUeioiru hum gianwucnla 


CCTTACGGACAAATG TCATTATGAAG (SEQ ID NO 
51) 


10 


Pylhhun aphwiidermatum 


CCJTGGTGTCAAATGAGTTTTTGGAG <SEQ ID NO 
52) 


1 1 


CoUeiomchum gl<teosporiotdes 


CCTTATGCACAAATGTCATTATGAAG (SEQ ID NO 

53) 


12 


Ouitum ixcapei sn un\ 


CCCTACGGGCAGATGAGCCTG TGGAG (SEQ ID NO 
54) 


13 


Lcvi'itlula wttrica 


CCATACGGACAAATGTCATTATGAAG (SEQ ID NO 
55) 


M 


Hst'ttdnpennwspatu cuhensi\ 


CCTTGGGGACAAATGAGrmTGGAG (SLO 10 NO 
56) 


15 


Ahcrnariu solum 


CClTATGGGCAAATGTCnTATGAAG (SEQ ID NO 
57) 


16 


Cei rcospoia aruchidolo 


CCTTATGGACAAATGTCATTA TGAAG (SEQ ID NO 
58) 


17 


Rhizocumia solani 


CCATACGGGCAAATGTCTCTGTGGAG (SEQ ID NO 
59) 


IK 


V amnio tnacqualis 


GTGT A TGGTC AAA TG A GCCT A TGG AG (SEQ ID NO 
60) 


19 


Magnaponhe gnsea 


CCTTATGGACAGATGTC ATI'ATGAAG (SEQ ID NO 
61) 


20 


Phyfophthora tnfestans 


( VTTGGGG AC A A ATG AG II 1 I TGGAG (SEQ ID NO 
62) 


21 


Mxcosphaeretia musicola 


CCTT A TG G TC AAA TG 1 C TTT A TG A TC i (SEQ ID NO 
63) 



Table 5: ARMS primer design lor the detection ot the wild type sequence 
To adapt the primers shown in the above Table for use in a standard ASPCR reaction 
the last base at the 3' end should correspond to the wild type sequence without a destabilising 
5 base introduced. 
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The examples described above relate to ARMS primers based on the forward sirand 
of DNA. The use of ARMS primers based on the forward strand of DNA is particularly 
preferred. 

ARMS primers may also be based on the reverse strand of DNA if so desired. Such 
reverse strand primers are designed following the same principles above for forward strand 
primers namely, that the primers may be at least 20 nucleotides in length most preferably 2b 
nucleotides in length, but may be between 15 and 20 nucleotides in length and the final 
nucleotide at the 3' end of the primer matches the relevant template i.e. mutant or wild type 
and preferably the penultimate residue is optimally changed such thai it does not match the 
relevant template. Additionally up to 10. such as up to 8, 6, 4. 2, 1, of the remaining 
nucleotides in the primer may be varied without significantly affecting the properties of the 
diagnostic primer. 

In many situations, it will be convenient to use a diagnostic primer of the invention 
with a further amplification primer referred to herein as the common primer, in one or more 
cycles of FCR amplification. A convenient example of this aspect is set out in European 
patent number EP-B 1 -0332435. The further amplification primer is either a forward or a 



reverse common primer. For each species, the primer used is as below. The Primers shown 
below are reverse primers. 





Species 


primer sequence <V to.V) 


1 


Hlusmoparu vtiicoia 


GATACCTAA TGGAT1 ATTT GAACCTACCT (SEQ ID 
NO 64 ) 


1 


Erxstplu firumimsf.sp. tntu i/iiordei 


A AC A CCT A A AGG A TI ACC A G ATCCTGC AC (SEQ ID 
NO 65) 




Rhxnchasporium secults 


T A C A C CT A A A G G A TT A CCTC j A CCCTGC A C (SEQ ID 
NO 66) 


4 


Pyrenophora teres 


TTCAAGTACATCCAATTTCAATATACACT (SEQ ID 
NO 67) 


5 


Mycospiinerclla grammicola 


T A AC A G A A A A TCC ACCTC A T A( Xj A ATTC A ACT A TG 
TCTTG (SEQ ID NO 68) 


6 


Mycosphaeiellu fijtcnsts var tiiffonms 


A A A CCTCCTC A A ATA A AC TC A ACT ATA TC (SEQ ID 
NO 6sJ) 


7 


Sphacroiheca fuliginea 


I A A CTG A G A A A CCCCCTC A G A G A A ACTCC AC A ATA 
TCTTG (SEQ ID NO 70) 


8 


Unaiiuia ttt cator 


TTACAGAAAAACCACCTCAAAGAAACTCCACGATA 




PCT/G BOO/01 620 







TCTTG<SEQ1DN0 71) 


s» 


Coiictntrichuin gratnuucola 


T A A CTG A G A A A C CTCC'I G A A A C G A A T 1C A A C A ATA 
TCTTG (SEQ ID NO 72 ) 


10 


l\ tin mil uphamdermuimv 


O ACAGCA A ATCCCCCCC ATA ACC A A TC A AC A A 1 A 
TCTTT (SEQ ID NO 73) 


1 1 


CoUciutrtchmn ftloeosponotdes 


TAACAGAGAAACCTCCTCAAACGAATICAACTATA 
TCTTG (SEQ ID NO 74) 


12 


Otd nun Ixvoptrucum 


TI ACAGAAAAACCTCCTCAAAG AA ACTCCACGATA 
TCTTG (SEQ ID NO 7.S) 


\^ 


Lcveiliuia tattrtca 


71ACAGAGAAACCTCCTCAAATAAATTCAACTATA 
TCTTG (SEQ ID NO 76) 


14 


P.suedopenmmponi cubensis 


CTACAGCAAAACCGCCCCACAACCAATCAACAATA 
TCTTT (SEQ ID NO 77) 


IS 


Ailenunui solum 


TAACACTGAAACCTCCTCAAATGAACTCAACAATA 
TCTTCmSEQIL)N0 7S) 


l(> 


Ccrcaspoia arachidola 


A A ACAG AG AA ACC FCC1 "CAT A TA A ATTCA ACTA A A 
TCTTG (SEQ ID NO 79) 


17 


Rhi:octoma solani 


ACACGGAAAAGCCACCCCAGAT1 AACTCTACAAAA 
TCTTG <SEQ ID NO 80) 


18 


Vent una unit qua I is 


ATTGACTTAAGCCTCCCCACAGAAATTCGACTATA 
TCTTG (SEQ ID NO 81) 


IS) 


Ma\>naporilie gnsea 


TAACAGAAAAACCACCTCAAATGAATTCAACAATA 
TCTTG (SEQ ID NO 82) 


20 


PiiXHipfulwid infesums 


CAACAGCAAAACCTCCCCATAACCAATCAACAATA 
TCTTT i SEQ ID NO 8 ?> ) 


21 


My cospluicrclla nuistcoia 


1 A ACAG A AAACCCACCTCAA ATA A AITCAACI ATA 
TCITG iSEQ ID NO 84) 



Table 6: Examples of common primers to use with ARMS primers 

In ihc case of the longer sequences provided in Table 6 the skilled man will be able to 
use tins information to design appropriate primers 

It will be evident to the man skilled in the art that the common primer can be any convenient 
pathogen specific sequence which recognises the complementary strand of the cytochrome b 
gene (or other gene of interest) lying 3' of the mutation selective primer. 

The PCR amphcon size is preferentially 50 to 4(X)bp long but can be from 30 to 
2.s(X)bp long, or potentially from 30 to 10.(XX)bp long. 
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A convenient control primer may be used which is designed upstream from the G u 
position. It will be evident to the man skilled in the art that the control primer may be any 
primer which is not specific for the amplification of the mutation or wild type sequences. 
When using these primers along with the corresponding reverse ('common'} primer 
described above, amplification will occur regardless whether the G, 4 ^A point mutation is 
present or not. 



Primer 


Specie* 


Control pniiiL-r sequence (5 to 3") 


1 


I'lasniojuiro viiicola 


GCCTJGGGGACAAATGAG'nTn O (SEQ ID 
NO 85) 


: 


hrwiphe xiununtsj \p muct/lioi da 


GCCATACGGGCAGATGAGCCACTG (SHQ 10 
NO 86* 




Rhxuchospoi mm sccali\ 


TCCTI ATGGACAGATGTCTITATG (SHQ ID 
NO 87) 


4 


/ J \ / enophora teres 


ACCC'I "ACG< iGC A AATGAGCCTTI GAG (SEQ 
ID NO 88) 


5 


Mxcospliuetelia gratninicola 


TACCTTATGGTCAAATGTCTTTATGA (SEQ 
ID NO 89 j 


6 


Mwosphacn-flo fijiensn var. difjonms 


G TTTT A CC 'IT A T( ^ G TG A A A TG TC 7 TT A TG 
(SEQ ID NO 9(1) 


7 


Spiuierotfwia ftihgineti 


TICCCITCGGTCAAATGTCGCTCTGG (SEQ 
IL> NO 9 1 ) 


8 


Uurttmlii manor 


TACCCT ACGC.GC AGATGAGCCTATGG (SEQ 
ID NO 92} 


9 


Colli'lou liluun xranumcoia 


1ACC7TACGGACAAATGTCATTATGA (SEQ 
ID NO 93) 


10 


P\ i iiium aphuiuJennaittni 


TACCTTGG GGTCAAATG AGTTTTrGG (SEQ 
ID NO 94) 


1 1 


Colicioinchum xloeosponouies 


TACC7TATGGACAAATGTCATTATGA (SEQ 
ID NO 95) 


12 


OiJium Ixcopersicum 


TACCCTACGGGCAGATGAGCCTGTGG (SEQ 
ID NO 96) 


13 


Li'\ ft Hula luuncu 


T A CC A T A CG G A C A A A TG TC A TT A 1 G A (SEQ 
ID NO 97) 


14 


Pseudoperoiwspara cubetisis 


T A COTG GG G AC A A A TG A C ) 7TTTTGG (SEQ 
ID NO 98) 
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IS 


Aiteniana solum 


TTCCTT ATG GGC A A A TG TOm ATG A ( SLQ 
11) NO SW) 


16 


Cerrosfhtra a rue hi Jot u 


1 ACCTTATGG ACA AATGTCAn ATG A I ShQ 
ID NO 100) 


17 


Khizoctonut solum 


TTCCATACGGGCAA ATG1 CTCTGTGG l SLQ 
ID NO 101) 


IS 


Veitiuna mueouults 


ACGTGTATGGTC A AATG AGCCTATGG ( SEQ 
ID NO 102) 


W 


Ma^naporthe }>riseu 


TACCTTATGGACAGATGTCATTATGA (SHQ 
ID NO 103) 


20 


f'hytophiiiorti iitfi'uans 


l ACCTTGCiGGACAAATGACiTrTTI CiG (SLQ 
ID NO KU) 


?] 


M xcospluivrcllu musk olu 


' I A C ( 2 TT A T G G TC A A A T G T C Tl T A T C i A (SFQ 
ID NO 105) 



Table 7: Examples of possible control primer design 



A variety of methods may be used to detect the presence or absence of diagnostic 
primer extension products and/or amplification products. These will be apparent to the 
5 person skilled in the art of nucleic acid detection procedures. Preferred methods avoid the 
need for radiolabeled reagents. Particularly preferred detection methods are those based on 
fluorescence detection of the presence and/or absence of diagnostic primer extension 
products. Particular detection methods include gel electrophoresis analysis, "Scorpions"™ 
product detection as described in PCT application number PCT /GB9S/0352I filed in the 

10 name of Zeneca Limited on 25 November 1998 the teachings of which are incorporated 
herein by reference, "Taqman" ™ product detection, for example as described in patent 
numbers US-A-5487972 & US-A-5210015; "Molecular Beacons" product detection, 
outlined in patent number WO-95/13399 and surface enhanced Raman resonance 
spectroscopy (SHRRS). outlined in paten! application WO 97/05280. Further preferred 

15 detection methods include ARMS linear extension (AU:X) and PCR with ALHX as 

described in published PCI application number WO 00/(M037. Conveniently, real-time 
detection is employed. The use of "Scorpions'*™ product detection as described in PCT 
application number PCT /GB98/0352 I and published UK patent application No. 
GB2338301 is particularly preferred for use in all aspects of the invention described herein. 

20 The combination of the ARMS and the Scorpion technology as described herein is 
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particularly preferred for use in all aspects of the invention described herein and the preferred 
detection method is a fluorescence based detection method. Many of these detection methods 
are appropriate for quantitative work using all of the above primers These different PCRs 
can be carried out in different tubes or multiplexed in one tube. Using such methods, 
estimates can be made on the frequency of point mutation molecules present in a background 
of wild type molecules. 

As exemplified herein we have used ARMS primers based on the forward strand of 
DNA in combination with Scorpion detection based on the reverse strand of DNA as the 
detection method. The Scorpion detection element preferably comprise the reverse primers 
shown in Table 6. It will be readily apparent to the man skilled in the an that alternative 
combinations of ARMS primers and Scorpion detection elements could also be used. For 
example the primer based on the forward strand of the DNA could be a combination of an 
ARMS primer with a Scorpion detection system and this could be used with a common 
primer based on the reverse strand of DNA or the primer based on the reverse strand of DNA 
could be a combination of an ARMS primer with a Scorpion detection system and this could 
be used with a common primer based on the forward strand of DNA. 

In most of the examples described herein, the Scorpion detection element is on the 
common primer. The ARMS primer specific to the mutation and the wild type sequence are 
used in combination with the common fluorescence labelled primer. These two reactions are 
earned out in different PCR tubes and the fluorescence is emitted when the probe binds to 
the amphcon generated. The Scorpion element may alternatively be incorporated on the 
ARMS primers. In this case, the two ARMS primers can be labelled with different 
fluorophores and used along with the common primer (this time unlabelled). These three 
primers may be included in the same reaction as the resulting mutant and wild type 
amphcons will lead to different fluorescence being emitted. 

As described in published UK patent application No. GB2338301 the Scorpions 
technology may be used in a number of different ways such as the intercalation embodiment 
where the tail of the Scorpions primer carries an intercalating dye which is capable of being 
incoqx)ratcd between the bases of a double stranded nucleic acid molecule, upon which it 
becomes highly fluorescent; the FRET embodiment where the dyes involved in the primer 
form an energy transfer pair; the no-quencher embodiment where a fluorophorc is attached to 
the tail of the Scorpions primer; the Bimolecuiar embodiment where the fluorophore and 



'O 00/66773 




PCT/G B00/01 620 



quencher may be introduced on iwo separate but complementary molecules: the Capture 



Probe embodiment where amplicons may be specifically captured and probed using the same 
non-amplifiable tail and the Stem embodiment where the primer tail comprises self 
complementary stems. These embodiments arc described fully in published UK patent 
5 application No. GB233830I, the teaching of which is incorporated herein by reference. 

The methods of the invention described herein reliably detect a mutation in a fungal 
gene wherein the presence of said mutation gives rise to fungal resistance to a fungicide 
whose target protein is encoded by a mitochondrial gene at a detection level in the range of I 
mutated allele per 1,000,000 wild type alleles to I mutated allele per 10,000 wild type alleles, 

10 and preferably in the range of I mutated allele per 100.000 wild type alleles to 1 mutated 
allele per J 0.000 wild type alleles. The method of the invention can also detect mutations 
occurring at higher frequency, for example. I mutated allele per 1(H) wild type alleles, I 
mutated allele per 10 wild type alleles or where only mutated alleles are present. Similarly 
the methods of the invention may be used to detect the frequency of the wild type allele in a 

1 3 background of mutated alleles. 

The combination of allele specific primer extension made more sensitive with use of 
the ARMS technology and quantitative detection methods which are used in the present 
invention make this an extremely valuable technique for the detection of fungal mutations 
occurring at low frequency. 

20 The detection of alleles present in given isolates enables the results of phenotypic 

bioassays to be related to the DNA profile of the target gene. The discovery of a single point 
mutation as the resistance mechanism explains the qualitative nature of the resistance, and 
the confirmation of single spore isolate sequences validates the accuracy of the screens in 
determining frequencies of resistant and sensitive isolates in the samples tested. 

25 The development of the method combining allele specific primer extension, the 

specificity of ARMS and real time fluorescent detection as exemplified herein with the 
Scorpion system enables a greater number of samples to be analysed for the presence of the 
resistance mutation than would be feasible in a bioassay programme. Largei sample numbers 
enable the identification of the resistance mutation at frequencies of a lower percentage than 

30 might be easily detected through bioassay. This enables resistance to be identified in the 
population before it might be apparent from field data. The high throughput nature of the 
method enables a wider area and more sues to be sampled and tested than might be possible 
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using the bioassay. Allele specific primer extension such as ARMS linked with real time 
fluorescent detection allows the detection of the presence of the resistance gene in a 
population before (he effects of the gene can be viewed phenotypically by bioassay in 
heteroplasmic and/or heterokaryotic cells, thus reducing the error of classifying samples as 
sensitive when they carry a low frequency of the resistance genotype. Results are obtained 
much faster through simultaneous read-out (real time) compared to waiting for disease 
development in pkuita, enabling fast responses to field situations and advice on resistance 
management to be given more quickly. 

One or more of the diagnostic primers of the invention may be conveniently packaged 
with instructions for use in the methods of the invention and appropriate packaging and sold 
as a kit. The kits will conveniently include one or more of the following: diagnostic, wild 
type, control and common oligonucleotide primers: appropriate nucleotide triphosphates, for 
example dATP, dCTP, dGTP, dTTP. a suitable polymerase as previously described, and a 
buffer solution. 

In a further aspect the invention provides a method of detecting plant pathogenic 
fungal resistance to a fungicide said method comprising detecting a mutation in a fungal 
gene wherein the presence of said mutation gives rise to fungal resistance to a strobilurin 
analogue or any other compound in the same cross resistance group said method comprising 
identifying the presence or absence of said mutation in fungal nucleic acid using any (or a) 
single nucleotide polymorphism detection technique. 

In a further embodiment of this aspect the invention provides a method of delecting 
plant pathogenic fungal resistance to a fungicide said method comprising detecting the 
presence of an ampjicon generated during a PCR reaction wherein said PCR reaction 
comprises contacting a test sample comprising fungal nucleic acid with a diagnostic primer 
in the presence of appropriate nucleotide triphosphates and an agent for polymerisation 
wherein the detection of said ampiicon is directly related to presence or absence of a 
mutation in said nucleic acid wherein the presence of said mutation gives rise to resistance to 
a fungicide whose target protein is encoded by a mitochondrial gene. 

In a preferred embodiment of this aspect the invention provides a method of detecting 
plant pathogenic fungal resistance to a fungicide whose target protein is encoded by a 
mitochondrial gene comprising contacting a test sample comprising fungal nucleic acid with 
a diagnostic primer for a specific mutation, the presence of which gives rise to resistance to 
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said fungicide, in the presence of appropriate nucleotide triphosphates and an agent lor 
polymerisation, such thai the diagnostic primer is extended when the said mutation is present 
in the sample; and detecting the presence or absence of the said mutation by reference to the 
presence or absence of a diagnostic primer extension product. 
S In a further preferred embodiment of this aspect ihe invention provides a method ot 

detecting plant pathogenic fungal rcsislance 10 a fungicide whose target protein is encoded h\ 
a mitochondrial gene comprising contacting a lest sample comprising fungal nucleic acid 
with a diagnostic primer for a specific mutation, the presence of which gives rise to 
resistance to said tungicide, in the presence of appropriate nucleotide triphosphates and an 

10 agent for polymerisation, such that the diagnostic primer is extended only when the said 

mutation is present in the sample, and detecting the presence or absence ot the said imitation 
bv reference to the presence or absence of a diagnostic primer extension product. 

The methods of I he invention described in the above aspect and embodiments are 
especially suitable for use with plant pathogenic fungal strains where the presence of a 

15 mutation in a cytochrome /; gene gives rise to fungicide resistance and most especially to 
resistance to a strobilunn analogue or a compound in the same cross resistance group and 
most especially where the mutation in the fungal DNA gives rise to a replacement of a 
glycine residue at the position corresponding to S. ccrcvisiuc cytochrome /> residue 143, more 
especiallv to a GuiA replacement in the encoded protein, and especially where the mutation 

20 is a (i to C base change at the second position in the codon at the position corresponding to 
S. i crevtsiac cytochrome h residue 143. 

In a further aspect the invention provides a method of detecting and quantifying the 
frequcnev of a mutation giving rise to plant pathogenic fungal resistance to a fungicide 
whose target protein is encoded by a mitochondrial gene said method comprising detecting 

25 the presence or absence of a mutation in a fungal gene wherein the presence of said mutation 
gives rise to fungal resistance to said fungicide said method comprising identifying and 
quantitwng the presence or absence ot said mutation in fungal nucleic acid using any (oi a) 
single nucleotide pohnioiphism detection technique. 

In a furthei preferred embodiment o! this aspect the iiucniion piovides a method o! 

M) detecting and quantifying the liequency ot a mutation giung rise to plant pathogenic lungal 
resistance to a tungicide whose target protein is encoded hy a mitochondrial gene said 
method comprising detecting the piesence oi absence of a mutation in a lungal gene wherein 
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the presence of said mutation gives nse to fungal resistance to a strohilunn analogue or an\ 
other compound in the same cross resistance group said method comprising identifying and 
quantifying the presence or absence of said mutation m fungal nucleic acid using any (or a) 
single nucleotide polymorphism detection technique. 

In a further embodiment of this aspect the invention provides a method of detecting 
and quantifying the frequency of a mutation giving rise to plant pathogenic funpal resistance 
to a fungicide whose target protein is encoded by a mitochondrial gene said method 
comprising detecting the presence of an amplicon generated during a PCR reaction wherein 
said PCR reaction comprises contacting a test sample comprising fungal nucleic acid with 
appropriate primers in the presence of appropriate nucleotide triphosphates and an agent for 
polymerisation wherein the detection of said amplicon is directly related to both the presence 
and absence of a mutation in said nucleic acid wherein the presence of said mutation gives 
rise to resistance to a fungicide whose target protein is encoded by a mitochondrial gene, and 
detecting and quantifying the relative presence and absence of the said mutaiion by reference 
to the presence or absence of an amplicon generated during the PCR reaction. 

In a preferred embodiment of this aspect the invention provides a method of detecting 
and quantifying the frequency of a mutation giving rise to plant pathogenic funcal resistance 
to a fungicide whose target protein is encoded by a mitochondrial gene comprising 
contacting a test sample comprising fungal nucleic acid with diagnostic primers to detect 
both the presence and absence of a specific mutation in said nucleic acid, the presence of 
which gives rise to resistance to said fungicide, in the presence of appropriate nucleotide 
triphosphates and an agent for polymerisation, such that the diagnostic primers relating to the 
absence and the presence of the specific mutation are extended when the appropriate fungal 
template is present in the sample; and detecting and quantifying the relative presence and 
absence of the said mutation by reference to the presence or absence of diagnostic primer 
extension products. 

In a further preferred embodiment of this aspect the invention provides a method of 
detecting and quantifying the frequency of a mutation giving rise to plant pathogenic fungal 
resistance to a fungicide whose target protein is encoded by a mitochondrial gene comprising 
contacting a test sample comprising fungal nucleic acid with diagnostic primers to detect 
both the presence and absence of a specific mutation in said nucleic acid, the presence of 
winch gives rise to resistance to said fungicide, in the presence of appropriate nucleotide 



# 
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triphosphates and an agent for polymerisation, such that the diagnostic primers relating to the 
absence and the presence of the specific mutation are extended only when the appropriate 
fungal template is present in the sample; and detecting and quantifying the relative presence 



and absence of the said mutation by reference to the presence or absence of diagnostic primer 

5 extension products. 

The methods of the invention described in the above aspect and embodiments are 
especially suitable for use with plant pathogenic fungal strains where the presence of a 
mutation in a cytochrome h gene gives rise to fungicide resistance and most especially to 
resistance to a strobilunn analogue or a compound in the same cross resistance group and 

10 most especially where the mutation in the fungal DNA gives rise to a replacement of a 

glycine residue at the position corresponding to S. ccrcvisuw cytochrome h residue 143. more 
especially to a GunA replacement in the encoded protein, and especially where the mutation 
is a G to C base change at the second position in the codon at the position corresponding to 
S. cercvisiae cytochrome b residue 143. 

15 In a yet further aspect the invention provides a method of selecting an active 

fungicide and optimal application levels thereof for application to a crop comprising 
analysing a sample of a fungus capable of infecting said crop and detecting and/or 
quantifying the presence and/or absence of a mutation in a gene from said fungus wherein the 
presence of said mutation may give rise to resistance to a fungicide whose target protein is 

20 encoded bv a mitochondrial gene and then selecting an active fungicide and optimal 
application levels thereof. 



method comprises any (or a) single nucleotide polymorphism detection technique and is 
more preferably comprises contacting a test sample comprising fungal nucleic acid with a 

25 diagnostic primer for the specific mutation in the presence of appropriate nucleotide 

triphosphates and an agent for polymerisation, such that the diagnostic primer is extended 
when the said mutation is present m the sample; and delecting the presence or absence ot the 
said mutation by reference to the presence or absence of a diagnostic primer extension 
product and t he quantification is achieved by contacting a test sample comprising fungal 

30 nucleic acid with diagnostic primers to detect both the presence and absence of a specific 
mutation in said nucleic acid the presence of which gives rise to resistance to a fungicide 
whose target protein is encoded bv a mitochondrial gene in the presence of appropriate 



in a particularly preferred embodiment of this aspect of the invention the detection 
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nucleotide triphosphates and an agent for polymerisation, such that the diagnostic primers 
relating to the absence and the presence of the specific mutation arc extended when the 
appropriate fungal template is present in the sample; and detecting and quantifying the 
relative presence and absence of the said mutation by reference to the presence or absence of 
diagnostic primer extension products. 

In a further particularly preferred embodiment of this aspect of the invention the 
detection method comprises contacting a test sample comprising fungal nucleic acid with a 
diagnostic primer for the specific mutation in the presence of appropriate nucleotide 
triphosphates and an agent for polymerisation, such that the diagnostic primer is extended 
only when the said mutation is present in the sample; and detecting the presence or absence 
of the said mutation by reference to the presence or absence of a diagnostic primer extension 
product and the quantificauon is achieved by contacting a test sample comprising fungal 
nucleic acid with diagnostic primers to delect both the presence and absence of a specific 
mutation in said nucleic acid the presence of which gives rise to resistance to a fungicide 
whose target protein is encoded by a mitochondrial gene in the presence of appropriate 
nucleotide triphosphates and an agent for polymerisation, such that the diagnostic primers 
relating to the absence and the presence of the specific mutation are extended only when the 
appropriate fungal template is present in the sample; and detecting and quantifying the 
relative presence and absence of the said mutation by reference to the presence or absence of 
diagnostic primer extension products. 

The methods of the invention described herein are especially suitable for use with 
plant pathogenic fungal strains where the presence of a mutation in a cytochrome b gene 
gives rise to fungicide resistance and most especially to resistance to a strobilunn analogue or 
a compound in the same cross resistance group and most especially where the mutation in the 
fungal DNA gives rise to a replacement of a glycine residue at the position corresponding to 
S. cercvisiae cytochrome b residue 143, more especially to a G m A replacement in the 
encoded protein, and especially where the mutation is a G to C base change at the second 
position in the codon at the position corresponding to S. cerevisiae cytochrome b residue 
143 

In a still further aspect the invention provides a method of controlling fungal 
infection of a crop comprising applying a fungicide to the crop wherein said fungicide is 
selected according to any of the selection methods of the invention described above. 
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The method of ihe invention described above is especially suitable for use with plant 
pathogenic fungal strains where the presence of a mutation in a cytochrome b gene gives rise 
to fungicide resistance and most especially to resistance to a strobilurin analogue or a 
compound in the same cross resistance group. 
5 In a yet further aspect the invention provides an assay for the detection of fungicidal!) 

active compounds comprising screening the compounds against strains of fungi which have 
been tested for the presence or absence of a mutation giving rise to resistance to a fungicide 
whose target protein is encoded by a mitochondrial gene according to the methods of the 
invention described herein and then determining fungicidal activity against said strains of 
10 fungi. 

The methods of the invention described herein are especially suitable for use with 
plant pathogenic fungal strains where the presence of a mutation in a cytochrome b gene 
gives rise to fungicide resistance and most especially to resistance to a strobilurin analogue or 
a compound in the same cross resistance group and most especially where the mutation in the 
1 5 fungal DN A gives rise to a replacement of a glycine residue at the position corresponding to 
S. u revisUie cytochrome /; residue 143, more especially to a GujA replacement in the 
encoded protein, and especially where the mutation is a G to C base change at the second 
position in the codon at the position corresponding to S. ccrcvisiae cytochrome b residue 
143 

20 By applying the methods of the invention described herein the appropriate rate of 

application of fungicides and/or the appropriate combination of fungicides to be applied to 

the crop may be determined. 

The methods of the invention described herein are particularly suitable for monitoring 

fungal resistance to a strobilurin analogue or a compound in the same cross resistance group 
25 in crops such as cereals, fruit and vegetables such as canola, sunflower, tobacco, sugarbeet, 

cotton, soya, maize, wheat, barley, rice, sorghum, tomatoes, mangoes, peaches, apples, pears, 

strawberries, bananas, melons, potatoes, carrot, lettuce, cabbage, onion, vines and turf. 

The methods ol the invention described herein are particularly sensitive for detecting 

low frequencies of mutations in mitochondrial ly encoded genes, such as the cytochrome b 
30 gene, making this an especially useful and commercially important way of screening plant 

pathogenic fungi for the onset of fungicidal resistance wherein the resistance is due to a 

mutation in a mitochondrial!) encoded gene. 
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Brief Description of the Drawings 
The invention will now be illustrated with reference to the following non-limiling Examples 
and Figures in which : 

Figure 1 shows: a diagrammatic representation of the secondary structure of the Scorpion P. 
viticola primer using the MFold Zucker program 

Figure 2a show s: a graph illustrating the PCR amplification of a serial dilution of P. viticola 
mutant DNA in a background of wild type DNA using the C specific primer and the 
Scorpion primer (in duplicate). As indicated on the Figure the diamonds representing 50 r /c 
C/G = line 1. ihe diamonds representing 1009; G=lme 7, the circles representing 10 r 7rC =lme 
2. the circles representing 1 9i C =linc 3, the circles representing 0. 1 r \ C =line 4, the circles 
representing 0.01 c 7cC -Vine 5 and the circles representing NTC=line 6. 

Figure 2b shows: a graph illustrating a multiplex experiment with P. viticola ARMS primers 
on two serial dilutions of mutant DNA in a background of wild type DNA (in duplicate) As 
indicated in the figure the line represented by the diamonds shows the results for 1 :100 
Gfam, the line represented by the triangles shows the results for 1 :5()() Gfam, the line 
represented by the circles shows the results for 1 : 100 Ctet, and the line represented by the 
squares shows the results for 1:500 Ctet. 

Figure 3a shows: a graph illustrating E. gruminis total DNA amplified with the three primer 
pairs (specific G/C and control primers) (in duplicate). As shown in (lie figure the line 
represented by the diamonds shows the results for 1/100 standard, the line represented by the 
triangles shows the results for 1/100 Gmix and the line represented by the crosses shows the 
results for 1/100 Cmix. 

Figure 3b shows: a graph illustrating the amplification of a sensitive E. grammis isolate with 
the three primer pairs. As shown in the figure the line represented by the diamonds shows the 
results for Qmix,l/I00 =line 1, the line represented by the squares shows the results for 
Qmix, 1/10O0 =Iine 2, the line represented by the triangles shows the results forGmixJ/100 
=line 3. the line represented by the circles shows the results for Gmix. 1/1 000 =line 4, the line 
represented by the cross shows the results for Cmix, 1/100 =line 5, the line represented by the 
diamonds shows the results for Cmix,l/1()00 =line 6. 

Figure 4 shows: a graph illustrating the amplification of a resistant E. pramuus isolate with 
the three primer pairs. As shown in the figure the line represented by the diamonds shows the 
results for Qmix. 1/100 -line 1. the line represented by the squares shows the results for 
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Qmix, 1/1000 = line 2, the line represented by the triangles shows the results tor Gmix. 1/100 
=hne 3, the line represented by the diamonds shows the results for Gmix. 1/1000 = line 4, the 
line represented by the cross shows the results lor Cmix, 1/100 =hne 5, the line represented 
by the circles shows the results for Cmix, 1/1 000 =iine 6. 
5 Figure 5a shows: a graph illustrating the PCR amplification of a serial dilution of a wild type 
R. secalis plasmid amplified with the wild type specific primer pair (in duplicate). As shown 
in the figure the line represented by the diamonds shows the results forGplasmid 10 A 8, the 
line represented by the triangles shows the results for G-plasmid 10 A 6. the line represented 
by the squares shows the results for G-plasmid 1() A 4 and the line represented by the circles 

10 shows the results for G-plasmid 10 A 2. 

Figure 5b shows: a graph illustrating the PCR amplification of the highesi concentration of 
wild type and mutant A*, secalis plasmids amplified with the wild type specific primer pair (in 
duplicate). As can be seen from the figure the line represented by the diamonds shows the 
results for G-plasmid 1() A 8 and the line represented by the triangles shows the results for c- 

15 plasmid 10 A 8. 

Figure 6a shows: a graph illustrating the PCR amplification of a serial dilution of a mutant R. 
secalis plasmid amplified with the mutant specific primer pair (in duplicate). As shown in the 
figure the line represented by the diamonds shows the results for c-plasmid 10 A 8. the line 
represented by the triangles shows the results for c-plasmid 10 A 6. the line represented by the 
20 squares shows the results lor c-plasmid 10 A 4 and the line represented by the circles shows 
the results for c-plasmid 10 A 2. 

Figure 6b shows: a graph illustrating the PCR amplification of the highest concentration of 
wild type and mutant R. secalis plasmids amplified with the mutant specific primer pair (in 
duplicate). As can be seen from the figure the line represented by the diamonds shows the 
25 results forG-plasmid I0 A 8 and the line represented by the triangles shows the results for c- 
plasmid 10 A 8. 

f igures 7a. b and c shou . graphs illustrating the PCR amplification of A' secalis DNA and 
cDNA templates m three dilutions with the G primer pair (in duplicate). As can be see from 
(lie figures the line represented b> the diamonds shows total DNA and the line lepresentcd by 
30 the triangles shows cDNA 

Figures 8 a, b and c show: graphs illustrating the PCR amplification of A', secalis DNA and 
cDNA templates in three dilutions with the C primer pair tin duplicate). As can be see from 
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the figures the line represented by the diamonds shows total DNA and the line represented by 
the triangles shows cDNA. 

Figure 9a and b show: graphs illustrating the amplification of P. teres PI 3 and PI 5 isolates in 
iwo dilutions with the three primer pairs (in duplicate). As indicated on the figure in Figure 
5 9a the diamonds representing S-mix = line 1. the triangles representing S-mix 1/10 =iinc 2, 
the squares representing G-mix =line 3, the circles representing G-mix 1/10 =line 4, the 
circles representing C-mix =line 5 and the squares representing C-mix 1/10 =Iine 6. In figure 
9b the diamonds representing s-mix = line I, the triangles representing s-mix, 1/1 0=linc 2, the 
squares representing g-mix =linc 3. the circles representing g-mix, 1/10 =!ine 4, the circles 
10 representing c-mix =linc 5 and the squares representing c-mix, 1/10 =linc 6. 

Detailed Description of the Invention 



15 was used as a product detection system. This detection system is described in full in PCT 

application number PCT/GB98/0352 1 filed in the name of Zeneca Limited on 25 November 
1998 the teachings of which are incorporated herein by reference. This novel detection 
system uses a tailed primer and an integrated signalling system. The primer has a template 
binding region and a tail comprising a linker and a target binding region. In use the target 

20 binding region in the tail hybridises to complementary sequence in an extension product of 
the primer. This target specific hybridisation event is coupled to a signalling system wherein 
hybridisation leads to a detectable change. The deteciion method of this system offers a 
number of significant advantages over other systems. Only a single primer/detector species is 
required. This provides both increased simplicity and enhanced specificity based on the ready 

25 availability of the target binding region for hybridisation with the primer extension product. 
The newly synthesised primer extension product is the target species so the output signal 
obtainable is directly related to amount of extended primer. It is not dependent on additional 
hybridisation events or enzymatic steps. Intra and inter-strand competition for the probe site 
is limited so probe design becomes simplified As the interaction is unimolecular, the 

30 signalling reaction is very rapid, permitting increased cycling rates which is -a significant 
feature for experimental efficiency. 



EXAMPLES: 



In the first four Examples below the Scorpion™ sy: 



'Stem ( AstraZeneca Diagnostics) 
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The Scorpion primers designed in the examples described below have the following 
modifications in common: 

• A hexethylene glycol (HEG) monomer as a blocking moiety that is sited between the 
template binding region of the primer and the tail region, which moiety prevents 



• A FAM fluorescent molecule is added to (he 5*end of the primer. FAM is one of the 
fluorescence molecules that can, for example, be readily detected by the 488nm laser of 
the ABI PRISM 7700 instrument (PE Biosystems) 

• MR is a non-fluorogcnic quencher attached to a uracil residue 



in Scorpion primer design and would be suitable to use in this invention. 

In Example 4, an intercalating dye was also used as a detection mechanism. The 
eighteen examples together describe the characterisation of partial cytochrome b gene 
sequences from a panel of important wild type fungal isolates, whilst Examples 1 , 2 and 6 
1 5 also describe the characterisation of partial cytochrome b gene sequences from fungal 

isolates which are resistant to strobilurin analogues and other compounds in the same cross 
resistance group. The methods are particularly suitable for use with the strobilurin analogues 
azoxystrobin and picoxystrobin. 

20 EXAMPLE 1 

In Example 1, we describe the characterisation of partial Plasmopara viticola 
cytochrome b gene sequence, the characterisation of a single nucleotide polymorphism (SNP) 
that gives rise to strobilurin analogue resistance in P. viticola and the validation of a real time 
PGR Scorpion assay for the monitoring of this SNP in P. viticola. A multiplexing approach 

25 to carrying out the real time PGR assay is also described. P. viticola is the causal agent of 
vine downy mildew. 

The wild type ES2B strobilurin analogue sensitive isolate of P. viticola was collected 
in 1W6 from Spain This isolate had never been exposed to strobilurin analogue selection. 
Infected vine leaves were hand picked and stored in a polythene bag and sent to Jealotfs Hill 
30 Research Station (Zeneca Agrochemicals). Upon arrival the leaves were placed in pairs, with 
abaxial sporulating surfaces together, over moist absorbent paper in plastic boxes, and 
incubated for 24-48 hours at 21 24°G. Single lesions were excised from the leaves and the 



5 



polymerase mediated chain copying of the tail region of the primer template. 



10 



Other fluorescence molecules and quenching mechanisms can also be accommodated 
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sporangia suspended in 5m) deionised water, then sprayed onto the abaxiaJ surfaces of 5-6 
week old vine seedlings (var. Ohanez). Freshly inoculated plants were incubated for 24 hours 
in a humidity chamber (temperature ambient, relative humidity 1009c), then moved to a 
growth room (day 24 c C/r.h. 609c; night 18°C/r.h. 957c; daylength 16 hours; 6.000 lux). 
Plants were returned to the humidity chamber after 6 days for a further 24 hour period, after 
which time successful infection showed as sporulating lesions on the abaxial leaf surfaces. 
Further subculturing was carried out as above, adjusting the sporangial suspension to 5,000- 
10,000 sporangia per ml. 

A DN A fragment encoding a significant pan of wild type P. viucola cytochrome b 
sequence was amplified using primers based on conserved regions of Phvtopluhora 
mcgasperma and Aspergillus nidulans cytochrome b genes (CytbI2F (5" 
TGAACATATTATGAGAGATGT 3') (SbQ ID NO I06)and CytlOR (5' 
AATTGCATAAAAAGGTAAAAA 3') (SBQ ID NO 107) which delineate the sequence 
encoding amino acid region 66 and 281 of fungal cytochrome h based on the S.cerevisiae 
numbering system). DNA was extracted from the strobilurin analogue-sensitive isolate, using 
a phenol/chloroform extraction protocol. Sporangia were washed into 30ml of double 
distilled H 2 0 (ddH 2 0) from six leaves with 90- 1009c disease cover (originated from 
artificially inoculated six week old vine seedlings). The sporangial suspension was filtered 
through Miracloth (Caibiochem cat # 475855) and centrifuged at 3600rpm for 10 minutes at 
4°C. The sporangia were then frozen in liquid nitrogen and ground to a fine powder using a 
pestle and mortar which had been previously cleaned and sterilised by acid washing and 
autoclaving. 0.5ml of lysis buffer (200mM Tris-HCl (pH8.5), 250mM NaCi, 25mM EDTA 
and 0.5% SDS) was added and the suspension was transferred to a sterile screw cap 1.5ml 
Eppendorf tube. 0.5ml of a phenol/chloroform/isoamyl alcohol (25:24:1) mixture was 
immediately added and mixed by inverting several times. The tubes were centrifuged for 30 
minutes at 14000rpm and the aqueous phase transferred to fresh Eppendorf tubes. The 
phenol/chloroform/isoamyl alcohol extraction was then repeated but this time the tubes were 
centrifuged at 14000rpm for only 15 minutes. After transferring the aqueous phase to a new 
Eppendorf tube, a final chloroform extraction was performed. Fungal DNA was then 
precipitated by adding 0.1 vol of 3M sodium acetate (pH5 5) and 0.6 vol of isopropanol. 
After inverting several times, the tubes were centrifuged at 14000rpm for 20 minutes at 4°C. 
The DNA pellet was then washed twice with 109c ethanol, vacuum dried and resuspended in 



m 
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50^1 of ddh^O. DNA yield and quality was checked by gel electrophoresis and a serial 
dilution (1:10, 1:100 and 1:1000) was made in ddH:0 for use as template material in 
subsequent PCRs. PCRs were set up as recommended by the manufacturer of the Taq 
Polymerase enzyme (Gibco) in a final reaction volume of IOOuT The primers were added to 
5 the reactions to a final concentration of lpmole/|il. lOfil of each DNA dilution was added to 
the appropriate PCRs. Standard procedures were carried out in order to limit the risk of PCR 
contamination. 30 cycles of 94°C for 45 sec, 42°C for 45 sec and 72°C for 1 min 30 sec were 
carried out on a Hybaid Omn-E PCR instrument. An initial step at 94°C for 3 minutes and a 
final extension at 72°C for 10 minutes were also performed. The efficiency of the PCRs was 

10 then assessed by analysing 18pl of the reaction mixtures by gel electrophoresis. A 2u1 sample 
of the ~500bp PCR products was then cloned in the TA PCR cloning pCR2.1 vector 
(lnvitrogen Catalogue No. K4500-01) and transformed into Escherichia coli cells (TOP10 
One Shot™ competent cells) as per the manufacturer's recommendations. A series of 
resulting clones were checked for the presence of inserts by performing Wizard minipreps 

15 (Promega catalogue No. A7100) as per manufacturer's instructions and restriction digest 
analvsis using EcoKI. 6 clones with suitable inserts (-500bp) were then sequenced using 
Ml 3 forward and reverse primers (ABI377XL automated sequencer). When the nucleotide 
sequence data from these studies was analysed using the relevant bioinformatics software 
(Seqman, Editscq and Macaw), the resulting novel sequence was found to encode a new 

20 cytochrome h gene with close homology to other known oomycete cytochrome h sequences 
such as P. megasperma. The sequence of a 61 nucleotide tract of the resultant P. viticola 
encoding 30bp upstream and downstream of the second base of the G N ^ codon (according to 
the S.ccrcvisiac amino acid numbering system) can be found in Table 3. 



25 of the cytochrome b region of interest were PLAS 1 7F (5' A A ATAACGGTTGGTTA ATTCG 
3') <SHQ ID NO 108) and PLAS15R (5' TCTT AAA ATTG C AT A A A A AGG (SEQ ID NO 
1(^)3') delineating amino acid region 73-283 of fungal cytochrome h according to the 
S.ccrcvisitw numbering system. 



30 Infected vine leaves were collected and processed essentially as above though samples were 
subcultured as mass populations and not isolated as single lesions prior to testing. The lest 
method to verify strobilunn analogue resistance was a 24 hour preventative sprav on 4-week 



P. viticola specific primers based on the above analyses used in later amplifications 



A strobilunn analogue-resistant isolate of viticola was identified at one trial site. 
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old vine seedlings. A chemical dilution series was prepared by dissolving 5mg sirobilunn 
analogue (strobilunn analogue as used in all examples herein denotes azoxystrobin) 
(technical material, 97% pure) in 1ml acetone and carrying out a further dilution in deionised 
water at room temperature to give a rate of lOppm (a dose known to give 100% control of 
strobilunn analogue sensitive baseline isolate). The abaxial surfaces of the target leaves were 
sprayed using a DeViibiss spray gun, lOpsi, to maximum retention. Control plants were 
sprayed with deionised water only. The treated plants were left to dry in a growth room 
(conditions as above) overnight. Inoculation of the test P. vihcola sample was carried out at 
5,000 sporangia per ml and freshly inoculated plants were incubated as described previously. 
7 days following inoculation any potentially resistant growth on the treated leaves was 
isolated and subcultured to provide sufficient material for PGR analysis. This isolate was 
designated T5. 

Partial cytochrome b gene sequence was amplified with PLAS17F and PLAS15R 
primers from the resistant isolate (T5). Total genomic ON A (nuclear and mitochondrial) 
from this isolate was extracted using the phenol/chloroform extraction protocol described 
above. Again DNA presence and quality was checked by gel electrophoresis and suitable 
aliquots were diluted 1:10 and 1:100 in ddH 2 () for PCR studies. lOpJ of each DNA dilution 
was then added to Ready .To.Go™ Taq polymerase PCR beads (Amersham Pharmacia 
Biotech product number 27-9555-01 ) and made up to 25|il with PLAS17F and PLAS15R 
primer solutions, each to a final primer concentration of lpmolc/fll. Standard procedures 
were carried out to limit the risk of PCR contamination. 30 cycles PCR was then earned out 
at 94°C for 45sec\ 52°C for 45 sec and 72°C for 1 mm 30 sec on a Hybaid Omn-E PCR 
instrument. An initial step at 94°C for 3 minutes and a final extension step at 72°C for 10 
minutes were also included. These PCRs were performed in duplicate. After the analysis of 
lOfil of the PCRs by gel electrophoresis on an 0.8% TBF agarose gel, the resulting ~500bp 
PCR products were pooled pnor to cloning. A luJ sample of the pooled PCR products was 
then cloned in the TA cloning pCR2.1 vector (Invitrogen) and transformed into E.coli cells 
(TOP 10 One Shot™ competent cells) as per the manufacturer's recommendations. A scries of 
resulting clones were checked for the presence of inserts by performing Wizard minipreps (as 
per Promega instructions) and restriction digest analysis using EcoRI. 10 clones with the 
correct size inserts (-500bp) were then sequenced using MI3 forward and reverse primers 
(ABI377XL automated sequencer). 
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Analysis of the sequence data using suitable bioinformatics software (Seqman. 
Editseq and Macaw software) in all 10 cases revealed a G-->C point mutation in the 
cytochrome b sequence when compared to wild type sequence. This DNA point mutation 
leads to a single glycine to alanine change at position 143 (according to the S.cerevisiae 
5 amino acid coding system). 

Different specific ARMS P.viticola primers were designed to detect the presence or 
absence of this G M ^A point mutation: 

two forward ARMS primers based on the wild type sequence: 

G-sp-f-1: CCTTGGTGACAAATGAGTTTTTGTGG (SEQ ID NO 1 10) 

0 G-sp-f-2: CCTTGGTG ACAAATGAGTTTTTGGAG (SEQ ID NO 111) 
two forward ARMS primers based on the G m A mutation: 
C-sp-f-1: CCTTGGTGACAAATGAGTTTTTGGCC (SEQ ID NO 1 12) 
C-sp-f-2: CCTTGGTGACAAATGAGTTTTTGGAC (SEQ ID NO 1 1 3) 
and a control primer designed upstream from the point mutation: 

5 STAND: GCCTTGGGGACAAATGAGTTTTTG (SEQ ID NO 1 14) 

In all of the above ARMS primers, the -1 base (the 3'end base of the primer sequence) 
corresponds to the target point mutation site. Bases presented in bold differ from the wild 
type P. viticola cytochrome b sequence. In all of the ARMS primers (not the control primer), 
the -20 base was changed from a G to a T base. This was done to disrupt the run of G bases. 

0 In the G-sp-f-2 and C-sp-f-2 primers, the -2 position was changed from a G to a A base. In 
the G-sp-f-1, the -3 position was changed from a G to a T base. In the C-sp-f-1 pnmer, the -2 
primer was changed from a G to a C base. These alterations to the sequence were made to 
destabilise the primer and render any primer extension more specific to the corresponding 
template. Examples in the literature have shown that destabilising the ARMS primer 

5 decreases the risk of the primer mispriming on the wrong template (Newton et al, Nucleic 
Acid Research 17 (7) 2503-2516 1989). 

The Scorpion™ product detection system was used in this case as a detection 
mechanism and the detection system was incorporated on the reverse pnmer. The resulting 
amphcon was 234 bp long with the ARMS primers, and 235 bp long with the control primer. 

0 The Scorpion primer was designed using Oligo 5 and MFold programs (MFold predicts 
optimal and suboptimal secondary structures for RNA or DNA molecules using the energy 
minimization method of Zucker (Zucker. M. ( 1989) Science 244, 48-52: SantaLucia. J.Jr. 
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(1998). Proc. Natl. Acad. Sci. USA 95, 1460-1465). The sequence of the P. vuicola Scorpion 
primer was: 

5 1 FAM-CCCGCCGTAATTGTAGGGGCTGTACTAATAC GGCGGG (SEQ ID NO 115) 

MR-HEG-GATACCTAATGGATTATTTGAACCTACCT 3'(SEQ ID NO 116) 

Underlined regions are the hairpin forming pans, FAM is the fluorescein dye, MR is a non- 

fluorogemc quencher attached to a uracil residue and HEG is the replication blocking 

hcxethylene glycol monomer. The sequence in italics is the reverse primer sequence and the 

sequence in bold is the Scorpion sequence that binds to the extension product of the reverse 

primer. 

The stem loop secondary structure of this Scorpion primer can be visualised using the 
MFold program (see figure 1 ). It is predicted to have an energy of -2.2 kcal/mol in its inert 
form. However in the presence of the extension product the hairpin structure is separated, as 
the probe sequence of the Scorpion primer binds to the extension product with a predicted 
energy of -6.1 kcal/mol. This separates the FAM dye from its quencher, causing emission of 
fluorescence detectable, for example, by an ABI Prism 7700 instrument. The annealing of the 
Scorpion element onto the newly synthesised strand is therefore energetically favourable 
compared to the Scorpion stem loop configuration in its inert state. 

All primers were synthesised by Oswel DNA Service (Lab 5005, Medical and 
Biological Sciences Building, Southampton). Before use, the primers were diluted to 5pM in 
a total volume of 500fii ddH.O each. The primers were then further diluted to a final 
concentration of 500nM in the PCRs. 

In all cases AmpIiTaq Gold enzyme (Perkin-Elmer/ABI) was included in the reaction 
mix at lunit/25uJ reaction. The reaction mix also contained lx buffer (lOmM Tris-HCl 
(pH8.3), 50mM KC1, 3.5 mM MgCl 2 , 0.01% gelatine) and lOOjiM dNTPs. Amplifications 
were performed in an ABI Prism 7700 instrument for continuous fluorescence monitoring. A 
preliminary cycle of 95°C for 10 minutes was performed followed by 50 cycles of 95°C for 
15 sec and 60°C for 45 sec. Fluorescence was monitored during the annealing/extension 
stage throughout all cycles. 

Primers were first validated for use in such analyses by using plasmid DNA as 
template at various concentrations. This was performed in order to check the specificity and 
sensitivity of the primer designs. Partial wild type cytochrome b gene sequence and the 
corresponding tract containing the G i4? A mutation were cloned into the TA pCR2.1 vector 
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(lnvitrogen) for use in this validation process. The C-sp-f-2 and G-sp-f-2 primers were 
preferred to the C-sp-f-I and the G-sp-1 primers as duplicate PCRs gave more consistent 
results and were slightly more specific. In all cases, plasmid DNA was diluted in Img/ml 
bovine serum albumin (BSA). 

5 The graph shown in Figure 2a illustrates PCRs where a dilution of mutant plasmid in 

a background of wild type template was amplified using the ARMS C-sp-f-2 primer. As the 
C plasmid dilution reduces in the wild type plasmid background, the fluorescence detection 
is delayed. In all cases, the final plasmid concentration in the PCR was lxlO 7 moiecules/uT 
With each 10 fold dilution of the C plasmid, there is a delay of 3-4 cycles in the detection of 

10 fluorescence. When the C plasmid is present at only 1 in 10000 copies in wild type plasmid 
background, it is still detected by the specific ARMS primer. The C-sp-f-2 primer is totally 
specific to its corresponding template as no fluorescence can be detected in the 1009< wild 
type plasmid sample in this experiment. 

The different possible materials that could be used as starting material for resistance 

15 monitoring assays using such Scorpion technology were investigated. Three different isolates 
were used in this study. For each of these isolates, sporangia were collected both directly 
from diseased field vine leaves and from artificially innoculated glasshouse-grown leaves (as 
described previously). In both cases the sporangia were washed off the leaves using ddH : 0. 
The sporangia were then collected by centnfugation and maintained at -80°C until needed. 

20 The sporangial samples were then resuspended in 1 ml of ddH 2 0 and diluted 1 : 10 and 1 : 100 
again in ddH ? 0. Real time PCR assays were carried out as described above except that bovine 
serum albumin (0.25u.g/uJ) was also added to each PCR, using 5u\J of each dilution as 
template. Each dilution was carried out in duplicate, with C-sp-f-2, G-sp-f-2 and the control 
forward primer each added together with the common Scorpion reverse pnmer. The use of 

25 sporangia collected from glasshouse-grown vine leaves as starting material gave good results 
with consistent cycle threshold values (Ct). Using sporangia collected directly from field vine 
leaves gave poor results so the following two approaches were followed in order to improve 
the qualitv of the data: to reduce the inhibition in the PCR (field material will contain many 
more possible contaminants compared to glasshouse-grown leaves) and to make the DNA 

30 more available for amplification. 

To reduce the effect of inhibitory components on the PCR, the concentration of BSA 
added to the reactions was increased and the detergent Tween-20 was added to the PCR. To 
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make the DN A more available for amplification, an initial PCR was earned out and the PCR 
product from this reaction was used as a template in the real time PCR, the spore dilutions 
were boiled for 10 minutes before being added to the real time PCR to improve cell lysis and 
the DNA was extracted from the spores using 3 different protocols (DNA Isolator from 
Genosys Biotechnologies Inc., DNAzol from Helena Biosciences, and Qiagen DNeasy plant 
mini kit ). Each method was tried in turn with sporangia or DNA diluted 1:10, 1:100 and 
1:1000 in ddH.O as template. Each dilution was tested in triplicate with the C-sp-f-2 and G- 
sp-f-2 ARMS primers and the control primer; all with the reverse Scorpion common primer. 
5ul of each template was added to the PCR assays and the conditions were essentially as 
described previously but with addition of 0.25iig/iil BSA (when the BSA concentrat.on was 
noi a variable). DNA extracted using either DNAzol or Qiagen DNA preps gave good and 
consistent results. 

The G l4 s and A, 43 allele frequency was estimated in a P. viticola isolate collected 
from a field trial (denoted I7A». Sporangia were collected in ddH : 0 off 120 leaves and 
harvested by centnfugation. This sample contained approximately 2400 lesions and 6.4xl0 7 
sporangia. 12xl0 6 sporangia were kept at -80°C to be used for DNA extraction. A genomic 
DNA extraction using the DNeasy Plant Minikit (Qiagen catalogue No. 69103) was carried 
out and the resulting DNA was diluted 1 ; 10 and 1 : 1 00 in ddH : 0 for use as template for real 
time PCR analysis. The PCR conditions were as described above. The resulting Cycle 
Threshold (Ct) values were 20 for the G specific primer and 34 with the C specific primer 
giving a Ct difference of 14 cycles and thus a frequency of resistant alleles of approximately 
1 in 10,000. 

A multiplex approach has also been evaluated. In this instance, the Scorpion detection 
element was incorporated on the ARMS primers to enable the G l4 i and A, 4? allele PCR 
amplifications to be multiplexed in the same PCR. The Scorpion/ARMS primer sequences 
were as follows: 
G, 43 allele specific primer: 

5'FAM CCCGCCC TGGGATAGCCGAGAATAAAT GGGCGGG (SEQ ID NO 1) MR- 
HEG CCTTGG TGA CAAA TGA G TTTTTGGA G (T SEQ ID NO 118) 
A| 4 i allele specific primer: 

5TET CCCGCCC TGGGATAGCCGAGAATAAAT GGGCGGG (SEP ID NO i 19) MR- 

H EG CCTTGGTGA CAAA TGA G TTTTTGA G C 3'(SEQIDNO 120) 
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The Scorpion detection element details are as described above. The A M j allele specific 
primer was labelled with TET to allow the distinction to be made between the two 
amplicons. A common reverse (unlabelled) primer was used: 
Reverse 5' CATAACCAGTCAACAACTTCTTTTCC 3'(SEQ ID NO 121) 
5 The amplicon generated in both cases was 95bp long. Again Scorpion primers were designed 
using the Oiigo5 and MFold programs (as described above). The other real time PCR 
components were as described above with only the primer concentrations being varied during 
the validation of this multiplexing approach. By decreasing the final concentration ol the G 
FAM Scorpion to lOOnM and maintaining the final concentration of the C TET Scorpion and 
10 the reverse primer at 500nM, it was possible to reliably detect ratios of at least 1:5(K) C:G 
using plasmid DNA as template (see figure 2b). 
EXAMPLE 2 

In Example 2, we report the characterisation of partial Erysiphe graminis f.sp tritici 
and horde i cytochrome b gene sequences, the characterisation of a SNP that gives rise to 

15 resistance to strobilurin analogues or compounds in the same cross resistance group and the 
description of a real time PCR Scorpion assay for the monitoring of this SNP in E. grammis 
f.sp. triiici and horde i. 

Isolates of £. graminis f.sp. tritici and f.sp. hordei (causal agents of wheat and bariey 
powdery mildew) were collected from Northern France, Germany. Ireland and the United 

20 Kingdom. This was achieved by one of two methods: hand collection of field leaves or air 
spora sampling by car-mounted jet spore trap (Burkard Manufacturing Co. Ltd., 
Rickmansworth, UK). 

Wheat leaves infected with sporulating powdery mildew were collected from sites 
where the populations had been exposed to strobilurin analogues in multiple trials. Upon 

25 return to the laboratory, the leaves were placed in polythene bags and incubated at 21°C 

overnight. The following day pustules were resporulating. All pustules were subcultured by 
tapping infected leaves above fresh leaf pieces < wheat ev Rapier, 9 days old ) placed over 
filter paper (Whatman No. 1 j in 9cm petri dishes containing 1.2^ water agar. The fresh I v 
inoculated plates were incubated for 7 days and the resulting colonies were then tested for 

30 sensitivity to strobilurin analogues. 

For spore trapping, wheat leaves were cut from 9 day old plants (cv. Rapier) and 
placed on L89< water agar in plastic dishes, and maintained at 5°C until required. 
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A jet spore trap was mounted on top of a car and the car was driven at speeds up to 90 km/hr 
along prearranged routes in each country. The plastic dishes containing the leaf pieces were 
placed in the base of the spore trap column to allow airborne spores entering the trap to settle 
onto the leaves. Dishes were changed approximately every 80 km. Once a batch of leaf 
pieces had been used in the spore trap, they were transferred to square petri dishes (10cm") 
containing 60ml 1.8% water agar and filter paper and stored at 5°C. 

On return to Jealotf s Hill, the leaves exposed in the spore trap were incubated in a 
constant temperature room (day length 16hrs, light 4-5,000 lux, temperature 21°C, relative 
humidity ambient). 5-6 days after exposure in the spore trap, E. graminis pustules could be 
seen forming (small areas of yellowing of the leaf material followed by appearance of 
powders' sporuiating lesions). These were either subcultured onto leaf pieces in 9cm Petri 
dishes as "populations" (one population per sampling stage) or excised as single pustule 
isolates and incubated separately on leaf pieces in 5cm petri dishes on 15ml \ .2 ( 7c water agar 
covered with filter paper. Leaf pieces inoculated with populations of E. graminis were 
incubated for 7 days after which time sporulation was sufficient to inoculate a phenotypic 
resistance assay. Single spore isolates were incubated for 7 days but subcultured one further 
time to provide enough material for testing. If sporulation was poor the above process was 
repeated until good (60-70%) sporuiating disease coverage was obtained on all leaf pieces in 
order to generate sufficient conidia for assay. 

Testing and subsequent maintenance of resistant isolates was carried out on detached 
wheat seedling leaves treated 24 hours prior to inoculation with an aqueous solution of 
strobilurin analogue at 5ppm (a rate known to give 100% control of strobilurin sensitive 
baseline isolates) and Tween 20 wetting agent. Isolates were tested either as mass 
populations or single pustule isolates. Conidia were dry-inoculated onto treated leaf pieces. 
Infected material was incubated in a controlled environment (as described above) for 7 days 
prior to assessment. 

Any growth on leaf pieces treated with 5ppm strobilurin analogue was considered 
potentially resistant. Material from these lesions was further subcultured onto strobilurin 
analogue-treated leaves to confirm resistance in planta. and analysed using the molecular 
assay described in this application. Phenotypic resistance frequencies of approximately 1 in 
100 and higher could be detected by the mass population screen, and more precise 
frequencies were estimated by comparing single spore isolates where growth on treated 
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leaves was comparable to controls (resistant), with plates where the treated leaves gave 1009; 
control of disease (sensitive). 

Partial E. graminis f.sp. rritici cytochrome b gene sequence was amplified using 
primers based on conserved regions of Aspergillus niger and Neurospora crassa cytochrome 
5 b genes (Cytb3F (5' CAGCTTCAGCTTTCTTCT 3') (SEQ ID NO 122) and Cytb9R (5' 

ACTT A A AGGTCT A A ATTG V) (SEQ ID NO 122) which delineate the sequence encoding 
amino acid region 86 to 322 of fungal cytochrome b based on the S. ccrevisiae numbering 
system). Approximately 500mg conidia from a strobilunn analogue-sensitive isolate that had 
had no exposure to strobilunn analogue selection were collected by tapping directly off 

10 leaves with sporulating disease into 1.5ml Eppendorf tubes. DNA was extracted from this 
conidial sample using a phenol/chloroform extraction protocol (see above). DNA presence 
and quality was analysed by gel electrophoresis and a serial dilution (1:10. 1 100 and 1 : 1000) 
was made in ddH?0 for use as template material in PCRs. PCRs were set up as 
recommended by the manufacturer of the Taq Polymerase enzyme (Gibco) in a final volume 

15 of lOO^tl and primers were added to the reactions to a final concentration of Jpmole/jil. I0|il 
of each DNA dilution was added to the appropriate PCRs. Rigorous procedures were 
undertaken in order to limit the risk of PCR contamination. 30 cycles of 94°C for 45 sec, 
42°C for 45 sec and 72°C for 1 min 30 sec were carried out in a Hybaid Omn-E instrument. 
An initial incubation at 94 °C for 3 minutes and a final extension at 72°C for 10 minutes were 

20 also performed. The efficiency of the PCRs was then assessed by analysing 1 8jil of the 
reaction mixtures by gel electrophoresis. A 2fil sample of the ~500bp PCR products was 
cloned in the TA PCR cloning pCR2.I vector (Invitrogen) and transformed into E.coli cells 
(TOP 10 One Shot™ competent cells) as per the manufacturer's recommendations. A series of 
resulting clones was checked for the presence of inserts by performing Wizard minipreps (as 

25 per Promega instructions) and restriction digest analysis using EcoRI. 6 clones with expected 
inserts size (~5()0bp) were then sequenced using M 13 forward and reverse primers 
(ABI377XL automated sequencer). When the nucleotide sequence data from these studies 
was analysed using the relevant bioinformatics software, the resulting novel sequence was 
iound to encode a new cytochrome b gene \s ith close homology to other known ascomycete 

30 cytochrome b sequences. A 61 nucleotide tract, encoding 30 bases upstream and 30 bases 
downstream of the second base of the G ]4 ; codon (according to the S.cercvtsiac amino acid 
numbering system ), can be found in Table 3. 
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E. graminis specific primers designed on the basis of the novel sequence were used in 
later amplifications of the cytochrome b region of interest. These were ERY I IF (5 1 
ATGAACAATTGGTACAGTAAT 3*) (SEQ ID NO I24)and ERY12R (5' 
GTTAGGTATAGATCTI AATAT 3') (SEQ ID NO 125). Together they delineate the sequence 
encoding amino acids region 1 14-287 of fungal cytochrome b according to the S. ccrevisiae 
coding system. 

Partial cytochrome b sequence was amplified with ERY1 IF and ERY12R primers 
from an E. graminis f.sp. tntici strobilunn analogue-resistant population. Conidia (~200mg) 
were suspended in 200uJ ofddH.O and diluted 1:10, 1:100 and 1 : 1000 in ddH 2 0 lOuJ of 
each conidial dilution was added to a Ready.To.Go™ Taq polymerase PCR bead (Amersham 
Pharmacia Biotech product number 27-9555-01) and made up to 25pl with ERY1 IF and 
ERYJ2R primer solutions so that the final primer concentration was lpmole/ul. Standard 
procedures were carried out to limit the risk of PCR contamination. 30 cycles of 94°C for 45 
sec, 52°C for 45 sec and 72°C for 1 min 30 sec were carried out on a Hybaid Omn-E 
instrument. An initial step at 94°C for 3 minutes and a final extension at 72°C for 10 minutes 
were also included. All PCRs in this case were performed in triplicate. After the analysis of 
lOuJ of the PCRs by gel electrophoresis on an 0.8% TBE agarose gel, the resulting -500bp 
PCR products were pooled prior to cloning. A 2u.l sample of the pooled PCR products was 
cloned in the TA Invitrogen PCR cloning pCR2.1 vector and transformed into E.coli (TOP 10 
One Shot™ competent cells) as per the manufacturer's recommendations. A series of clones 
was checked for inserts by performing Wizard nnnipreps (as per Promega instructions) and 
restriction digest analysis using EcoRE 10 clones with inserts of the expected size (~500bp) 
were then sequenced using MI 3 forward and reverse primers (ABI377XL automated 
sequencer). Analysis of the sequence data generated using suitable bioinformatics software 
revealed a G->C point mutation in the cytochrome b gene sequence in all 10 isolates when 
compared with the previously obtained wild type E. graminis f.sp. tritici cytochrome b gene 
sequence. This DNA point mutation leads to a glycine to alanine change at position 143 
(according to the S.cerevisiae coding system). 

Partial cytochrome b gene sequence was also characterised from two E. graminis f.sp. 
hordci isolates. Small samples of conidia (~100mg) were tapped off infected barley leaves 
(which were prepared as previously described for the wheat) into sterile Eppendorf tubes. 
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These conidial samples were kept at -80°C until needed. Each sample was then resuspcnded 
in 200uJ ddf-hO, funher diluted 1:10 and 1 : 100, and lOjil of each dilution was used as 
templates for amplification. Partial cytochrome b gene sequences were amplified with 
ERY1 IF and ERY12R primers. The PCR conditions and components were as described 
5 previously. Upon gel electrophoresis analysis, a PCR product of the expected size (-500bp) 
was found. This product was cloned in the TA pCR2.1 vector and sequenced as described 
previously. Upon sequence analysis, it was found that the cytochrome b sequence amplified 
from E. graminis f.sp. hordei was identical to that from E. graminis f.sp. tririci apart from 
Ibp (T to A change) 379bp downstream of the second base of the G^; codon. This base 

10 change would not lead to an amino acid change in the final protein (i.e. a silent mutation). 

31 different E. graminis isolates were studied using the above protocol and in all 
cases the sequence found was consistent with the Gj^A mutation being the cause for 
resistance to strobilunn analogues in E. graminis f.sp. tritici. The A| 4 ^ resistance allele was 
not detected in the E. graminis f.sp. hordei samples. 

15 Specific ARMS E. graminis primers were designed on the basis of the above 

information on the G1.0A point mutation: 
a forward ARMS primer based on the wild type sequence: 



and a control primer designed upstream from the point mutation: 
STAND2: GCC ATACGGGCAG ATG AGCCACTG (SEQ ID NO 1 28) 
In both the G-sp-1 and the C-sp-1 primers, the -1 base (the 3'end base) corresponds to the 
second nucleotide of the GuVA^ codon Bases in the primers that differ from the wild type 
25 cytochrome b E. graminis sequence are in bold. The -2 position was changed from a G to a A 
base. This was done to destabilise the primer, a^ is normal in ARMS reactions. 

The Scorpion™ product detection system was used in this case as a detection 
mechanism. Again the Scorpion primer was designed using Oligo 5 and the MFoId (see 
details in Example! ) programs The sequence of the E graminis Scorpion primer was: 



30 5' FAM CCCGCC GTTTTAGC TGCTTTAGCTT1 AATGC GGCGGG (SEQ II) NO 12<)) 
MR-UF.G-AACACCTAAAGGATTACCAGATCCTGCAC 3' (SEQ II) NO 130) 



G sp- 1 : CC AT ACGGGC AG ATG AGCCACTGG AG (SEQ ID NO 1 26) 

a forward ARMS primer based on the G N ^A mutation: 
20 C-sp- 1 : CC AT ACGGGC AG ATG AGCCACTGG AC (SEQ ID NO 127) 
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Underlined regions are the hairpin forming parts, FAM is the fluorescein dye. MR is a non- 
fluorogenic quencher attached to a uracil residue and HEG is the replication blocking 
hexethylene glycol monomer. The sequence in italics is the reverse primer sequence and the 
sequence in bold is the Scorpion sequence which anneals to the extension product of the 
reverse primer. 

All primers were synthesised by Oswel DNA service. Before use, the primers were 
diluted to 5iiM in a total volume of 500^1 each. They were then further diluted to a final 
concentration of 500nM in the PCRs. 

Primers were first validated for use in ARMS/Scorpion analyses by using plasmid 
DNA and total DNA as templates. This was performed in order to check the specificity and 
sensitivity of the primer designs. DNA fragments comprising partial wild type cytochrome b 
gene sequence and the corresponding sequence containing the G, 4 iA mutation were cloned in 
the TA pCR2.1 vector to be used in this validation process. Plasmid DNA was always diluted 
in lmg/ml BSA prior to use as template in real time PGR assays. Fungal DNA for analysis 
was extracted from an E. graminis f.sp. tritici strobiiunn analogue-sensitive control isolate 
using a phenol/chloroform extraction method (as described previously). A conidial E. 
graminis f.sp. triiici sample from a French strobiiunn analogue-sensitive isolate (F\2C) and 
a conidial E. graminis f.sp. tritici sample from a German strobiiunn analogue-resistant 
isolate (1 1-8) were then tested using the validated primers at two conidial dilutions. All three 
fungal isolates originated from single pustules. 

In all cases AmpliTaq Gold enzyme (Pcrkin-himer/ABI) was included in the reaction 
mix at lunil/25iil reaction. The reaction mix also contained lx buffer (lOmM Tns-HCl 
(pHS.3), 50mM KC1, 3.5 mM MgCk 0.0 IS gelatine), lOOuM dNTPs. Amplifications were 
performed in an ABI Prism 7700 instrument for continuous fluorescence monitoring. A 
preliminary incubation of 95°C for IOminutes was performed followed by 50 cycles of 95°C 
for I5sec and 60°C for 45sec. Fluorescence was monitored during the annealing/extension 
stage throughout all cycles. 

When tested against the control templates (plasmids and DNA from the strobiiunn 
analogue-sensitive control isolate), the E. graminis ARMS/Scorpion primers showed good 
specificity with no evidence of misprimmg occurring from the wrong template. In Figure 3a, 
amplification of the strobiiunn analogue-sensitive control E.granunis DNA at a 1:100 
dilution with the three primer mixes (Stand 2 + E graminis Scorpio , G-sp-1 + E. graminis 
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Scorpio and C-sp-1 + E. graminis Scorpio) arc shown. Each reaction was carried out in 
duplicate. Control and G specific primer reactions emit a strong fluorescence signal whilst 
the C specific primer reaction does not show any increase in fluorescence. The control and 
G-specific ARMS primers have recognised and bound to the template whilst the C-specific 
5 primer did not bind to the template present in the reaction. In this case, the G M vA u ^ allele 
analysis is indicating only presence of the wild type allele. 

Figure 3b illustrates PCRs where the French sensitive isolate (F12C) was analysed 
with the three primer mixes (Stand 2 + E. graminis Scorpion, G-sp-1 + E. graminis Scorpion 
and C-sp-1 + E. graminis Scorpion). In each case ~200mg conidia were suspended in 200u.l 

10 ddH 2 0 and diluted 1 : 100 and 1 : 1 000 in ddH.O. 5uJ of the dilutions was added to the 

appropriate PCRs. On analysis again, the control and G-specific primer reactions emitted a 
strong signal whilst the C-spccific primer reaction did not show any increase in fluorescence. 
This indicates that only the wild type allele has been detected in this sample. There is a 
definite delay in fluorescence being produced when using conidia as template for the reaction 

15 compared with using plasmid DNA as template. This is either due to the reduced copies of 
molecules that can be used as template being present in the reaction or due to inhibitory 
components being present in the conidial sample. 

Figure 4 illustrates PCRs where the German resistant isolate at two conidial dilutions 
was amplified using the three primer mixes (Stand 2 + £. graminis Scorpio, G-sp-1 + E. 

20 graminis Scorpio and C-sp-1 + E. graminis Scorpio). In this case control and C-specific 

primer reactions emit strong signals whilst the G-specific primer reaction does not show any 
fluorescence. This indicates that only the mutant G M >A allele has been delected in this 
sample. 
EXAMPLE 3 

25 In Example 3. we report the characterisation of partial cytochrome b Rhynchosporium 

secalis gene sequence and a real time PGR study where various R. secalis isolates were 
screened for the Gu?A resistance allele. This is an example where the G M ^A assay was 
earned out on a species where the point mutation had not previously been identified. 

Wild type isolates of A', secalis were collected from the UK and France (sec Table 8: 

30 R. secalis isolate details). The Kl 124 and K3327 isolates could be considered "baseline" 
(collected prior to use of strobilunn analogues in the field) and the other isolates were 
obtained from trial sites which had been exposed to several sprays of strobilurin analogues 
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over a number of seasons. Infected barley leaves were hand picked and stored in a polythene 
bag and sent to Jealotf s Hill Research Station (Zeneca Agrochemicals). Upon arrival in the 
laboratory single lesions were excised from the leaves, surface sterilised in ethanol (30 
seconds) followed by a 0.19c sodium hypochlorite solution wash (2 minutes) then placed 
onto Lima Bean agar (see Table 9) and incubated under alternating 12 hour black light 
(365nm Philips TLD 18W/08 - Philips Lighting Ltd, Croydon, UK )/12 hour no light cycle at ■ 
a constant temperature of 19°C for 4-5 days. Colonies growing out of the lesions were 
subcultured as an uncounted spore suspension on Lima Bean agar and incubated as above for 
approximately 7 days until sporulation was obtained. Resulting spores were removed and 
stored in liquid nitrogen until isolates were required. Retrieval of isolates was achieved by 
plating out the spore suspension onto Lima Bean agar and incubating as above for 
approximately 7 days until sporulation was obtained. 



Isolate code 


Countr> of origin 


Kl 124 


UK 


K3327 


UK 


K3274 


UK 


K3276 


UK 


K3278 


UK 



Table 8: R. secalis isolate details 



Partial cytochrome b gene sequence was obtained from two R. secalis isolates (Kl 124 
and K3327). These isolates were grown from a suspension of 100,000 spores per mi 
inoculated in a medium with a non-fermentable carbon source shaking at 85rpm for 21 days 
at 19°C (12hrs light/12hrs dark) and the mycelia were collected by filtering through 
Miracloth and frozen at -20°C until required. DNA was produced from the mycelia by using 
a phenol/chloroform extraction protocol (see Example!). DNA yield and quality were 
checked by gel electrophoresis and then a serial stock dilution was made (1:10, 1:100 and 
1:1000 in ddH 2 0) for use as templates in PCR amplifications. PCRs were set up as described 
in earlier examples. The primers used were either degenerate primers (deg4F (5' 
AGGTYTRTAYTRYGGDTCWTA T) <SEQ If) NO 131) and deg3R (5 1 
AGCDATAACWCCTAATAATTT 3') (SF.QID NO 1 32) designed from homologous regions 
of cytochrome b fungal genes (delineating the sequence encoding amino acid region 100-294 
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according lo S.cerevisiae coding system) or £. graminis specific primers ER Y 1 1 F and 
ERY1 2R (details as in Example 2). A band of the expected size (~500bp) was amplified 
using both primer pairs from each isolate and each PCR product was cloned in the pCR2. 1 
TA vector (lnvitrogen). Wizard miniprcps were carried out to identify clones with inserts of 

5 the expected size (~500bp) and 5 clones were submitted for sequencing from each cloning 
event using the M 13 forward and reverse primers. Upon analysis with the relevant 
bioinformatics software, it was found that a novel cytochrome b gene sequence had been 
identified which was closely related to other ascomycete cytochrome b gene sequences. A 61 
nucleotide tract encoding 30 bases upstream and 30 bases downstream of the second base of 

0 the G| 4 ^ codon (according to the S.cerevisiae amino acid numbering system) can be found in 



Different specific ARMS R. secalis primers were designed around the G^A point 
mutation location: 

two forward ARMS primer based on the wild type sequence: 



0 and a control primer designed upstream from the point mutation: 

STAND3: TCCTTATGGACAGATGTCTTTATG (SEQ ID NO 137) 
In the ARMS primers, the -1 base (the 3'end base) corresponds to the second nucleotide of 
the G|<o/Ai43 codon. Bases in the primers which differ from the wild type cytochrome b R. 
secalis sequence are in bold. The -2 position was changed from a G to an A or T base. This 

5 was done to destabilise the primer, as is normal for ARMS primers. 

The Scorpion™ product detection system was used in this case as a detection 
mechanism and the Scorpion reverse primer was again designed using the Oligo 5 and the 
MF'old programs (details as in Example 1 ). The R. secali.s Scorpion primer sequence was: 



-V F A M - CCXXjCC A T A TT A ( f CT( i C A IT A ( t T A TT A A T( i C ^ GGTGGG (SEQ ID NO 138) - 
0 MR-HEG-TACACCTAAAGGA7TACCTGACCCTGCAC 3'(SEQ ID NO 139) 
(See previous examples for details). 



Table 3. 



5 



G-sp-2: 



CCTTATGGACAGATGTCTTTATGATG (SEQ ID NO 133) 



G-sp-3: CCTTATGGACAGATGTCTTTATGAAG (SEQ ID NO 134) 

two forward ARMS pnmer based on the predicted G| 4 >A mutation: 



C-sp-2: CCTTATGGACAGATGTCTTTATGATC (SEQ ID NO 135) 

C-sp-3: CCTTATGGACAGATGTCTTTATGAAC (SEQ ID NO 136) 
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All primers were synthesised by Oswel DNA Service. Before use, the primers were 
diluted to 5|iM in a total volume of 500ui! each. The primers were then further diluted to a 
final concentration of 500nM in the PCRs. 

Again pnmers were first validated for use in A RMS/Scorpion analyses by using 
plasmid DNA as template at various concentrations. This was performed in order to check 
the specificity and sensitivity of the primer designs. Partial wild type cytochrome b gene 
sequence and a corresponding sequence containing the G !4 ^A mutation were cloned in the 
TA pCR2.1 vector to be used in this validation process. As this mutation has not yet been 
found in R. secalis DNA, the A 141 point mutation was incorporated into the sequence using a 
site directed mutagenesis strategy: the point mutation was incorporated into a primer design 
and this primer was used to amplify the region of interest using the wild type clone as 
template. PCRs were set up using standard methods as previously described and 30 cycles of 
94°C for 45 sec, 56°C for 45 sec and 72°C for 1 min 30 sec were performed on a Hybaid 
Omn-E instrument. An initial incubation of 3 minutes at 94°C and a final extension 
incubation of 10 minutes at 72°C were also included. The -370bp PCR product was cloned 
into the TA pCR2.1 vector and resulting clones were sequenced to check for any PCR 
induced errors prior to use in this experiment. 

Undiluted, the plasmid DNA preparations were calculated to be at concentrations 
approx. 2x10" molecules per fil. The two plasmids stocks were therefore diluted to 2xI0 7 , 
10 . 10 and 10' molecules/^] in lmg/ml BSA and 5u:I aliquots were used of each dilution 
resulting in - IxlO 8 , 10 6 . 10 4 and 10 2 molecules of plasmid in the respective PCRs. The PCR 
conditions and components were as described previously. In figure 5a, which shows a serial 
dilution of the G plasmid detected with the G primer mix, the detection of fluorescence is 
delayed by ~ 4 cycles with each 10 fold plasmid dilution. Figure 5b shows the highest 
concentration G (wild type (wt)) and C (mutant) cassette amplified with the G-sp-2 pnmer 
mix. The G pnmer does not mispnme off the C template until very late in the PCR even 
though the DNA template concentration is high (-10* molecules of template in reaction). The 
significant delay before the G mispriming event therefore demonstrates that the primer has a 
good window of specificity. The C-sp-2 primer set also shows good specificity through the 
specific and non specific plasmid dilutions (figure 6a and 6b). G-sp-2 and C-sp-2 primer 
mixes were used in following experiments instead of G-sp-3 and C-sp-3 primer mixes. 
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The second pan of this study was to compare using total (genomic) DNA and cDNA 
as template for the PCR. Total DNA material was prepared from the R.secalis isolates usinc 
a phenol-chloroform extraction method (as described previously). Total RN A was extracted 
from lOOmg of ground mycelia using the RNeasy Plant minikit (Qiagen catalogue No 
5 74903) according to the manufacturer's recommendation. First strand cDNA synthesis was 
then undertaken with lu.g of total RNA using RT PCR with the Advantage RT-PCR kit 
(Clontech catalogue No. K 1402-1) according to the manufacturer's recommendation. Pools 
of total DNA and cDNA from three isolates (K3278, K3274 and K3276) were prepared. The 
total DNA pool was used as template diluted 1:100, 1:1000 and 1: 10000 and the cDNA was 

10 used as template neat and diluted 1:5 and 1:10. In each case, 5|il of template was added to the 
PCRs. Real time PCR conditions described in Example 1 and 2 were also used except that in 
this case 40 cycles PCR were performed instead of 50. Figure 7a, b and c illustrate results 
obtained with total DNA and cDNA templates at three dilutions (dilution 1: total DNA 
(1:100) and cDNA (neat): dilution 2: total DNA (1:1000) and cDNA (1:5); dilution 3: total 

15 DNA (1:10000) and cDNA (1:10)) amplified using the G primer mix. Figures 8a, b and c 
illustrate the total DNA and cDNA templates amplified using the C primer mix. Using total 
DNA instead of cDNA as template gave more sensitive results with earlier Cycle threshold 
values. In order to give the best chance of detecting any C mutation, total DNA inputs at 
dilutions of 1:10 and 1: 1000 were chosen for future analyses. No fluorescence changes could 

20 be detected when the C specific primer mix was used in this 40 cycles PCR indicating that 
only the wild type G U j allele was found in these isolates. 
EXAMPLE 4 

In Example 4, we report the characterisation of partial Pyrcnophora teres cytochrome 
h gene sequence and a study where a G^A resistance allele detection assay was carried out 

25 on a variety of P. teres isolates. This is a species where the G M ^A mutation had not been 
identified previously. This example is divided into two sections; one describing a real time 
PCR study using an intercalating dye detection method using cDNA preparations of /\ teres 
isolates and the other describing a real time PCR study using a Scorpion detection assay on 
genomic DNA preparations of P. teres isolates. 

30 Real time PCR studv using an intercalating dye: 

Wild type isolates of P. teres (causal agent of barley net blotch) were collected from 
the UK and France during 1994, 1996 and 1998 (see Table 10 for P. teres isolate details) 
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1994 and 1996 isolates could be considered "baseline" (collected pnor to use of strobilunn 
analogues in the field) and 1998 isolates were obtained from trial sites which had been 
exposed to several sprays of strobilurin analogues over a number of seasons. Infected barley 
leaves were hand picked and sent to Jealotfs Hill Research Station (Zeneca Agrochemicals). 
Upon arrival in the laboratory, the leaves were incubated in a humid environment at 21° for 
24-48 hours. Single lesions were excised from the leaves, surface sterilised in ethanol (30 
seconds) followed by a 0.1% sodium hypochlorite solution wash (2 minutes) then placed 
onto Rose Bengal agar (see Table 9) and incubated under an alternating 1 2 hour black 
light/12 hour no light regime at a constant temperature of 22°C for 4-5 days. All media 
described in Table 9 were sterilised by autociaving at 121 degrees C for 15 mins at I5psi. 
Colonies growing out of the lesions were subcultured by mycelial plug onto 
V8+streptomycin agar (see Table 9) and incubated as above for 14 days. 



Media: 


Ingredients: 


Potato Dextrose broth: 


Potato Dextrose (Difco) 
Deionised water 


24g 
1 000ml s 


Lima Bean Agar: 


Lima Bean agar (Difco) 
Agar No. 3 (Oxoid) 
Deionised water 


23g 
lOg 
1000m Is 


Rose Bengal Agar: 


Glucose (Oxoid) 
Yeast Extract (Oxoid) 
Agar No. 3 (Oxoid) 
Deionised water 
After autociaving, add; 
Streptomycin sulphate (Sigma) 
Rose Bengal (Sigma) 


H)g 

lOOOmls 

125mg 
25mg 


V8 + streptomycin agar 


V8 juice (Campbells) 
Calcium carbonate (Fisher) 
Agar No. 3 (Oxoid) 
Deionised water 
After autociaving, add: 
Streptomvcin sulphate (Sigma) 


200mls 

3g 
20g 
800mls 

200mg 
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Czapek Dox V8 Agar 


V8 juice (Campbells) 


200mls 




Calcium carbonate (Fisher) 


3g 




Czapek Dox agar (Oxoid) 


45. 5g 




No. 3 agar (Oxoid) 


7g 




Deionised water 


HOOmls 


Suppliers: 


Campbells Groceries, Kings Lynn, Norfolk, 
UK 

Oxoid, Basingstoke, UK 
Sigma Chemicals, Poole, UK 
Difco, Detroit, Michigan, USA 
Fisher Scientific, Lou«hborou<zh, UK 





Table 9 Media recipes 



Resulting mycelial and spore material was removed and stored in liquid nitrogen until 
isolates were required. Retrieval of isolates was achieved by plating out stored fungal 
5 samples onto V8 agar and incubating as above for 14 days until sporulation was obtained. 



isolate code 


Year coilected 


Countrv ot origin 


K1056 


1080 


Ireland 


KI916 


|994 


UK 


K2346 


1996 


France 


K2383 


1996 


UK 


K2385 


1996 


UK 


K2390 


1996 


UK 


K2396 


1996 


UK 


K3230 


1998 


UK 


K3237 


1998 


UK 


K323X 


1998 


UK 


K3253 


1998 


UK 



Table 10: P. teres isolate details 



Partial cytochrome b sequence was identified from two isolates (K1056 and K1916). 
The initial wild type sequence was obtained from a biological sample prepared by 
inoculating potato dextrose broth (see Table 9) with a macerated mycelial suspension. The 

10 flask was incubated at 85rpm on an orbital shaker under a 12 hours white light/ 12 hours no 
light regime at a constant temperature of 19°C for 21 days until there was sufficient mycelial 
material for the DNA extraction protocol. The mycelium was then harvested by filtering 
through Miracloth and was frozen at -20 C C until needed. Total DNA was produced using the 
phenol/chloroform extraction protocol isee Example 1 ). After the DNA yield and quality 

15 were checked by gel electrophoresis, a serial dilution was made (1:10, 1 : 100 and 1 :1(XK) in 
ddH:0) for use as PCR templates. Many different primer combinations were tried (specific 
and degenerates) and in most cases no amplification product was obtained. However, a 
primer pair that was designed to conserved Aspergillus niger and Neurospora crassa 
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cytochrome b sequences (Cytb3F and Cyt9R, see Example 2 for details) did give a ~500bp 
PCR product. This product was cloned in the TA pCR2.3 vector (Inviirogen) and 6 clones 
were sequenced using M 13 forward and reverse primers. Upon analysis of the results, it was 
discovered that the reverse primer had correctly bound to cytochrome b sequence whilst the 
forward primer had mispnmcd in DNA sequence with intron-like features. A specific P. 
teres primer (Pt2R: 5' CTT ACA TCT GTA ATA GGT AAT 3') (SEQ ID NO 140) was 
designed in the novel stretch of cytochrome b gene and was used with a forward primer that 
was designed on the basis of Venturia inaequalis cytochrome b gene sequence (Pt5F: 5" TGT 
TAC TTT AGC AAT GCA CTA 3') (SEQ ID NO !4 1 ) on P. teres cDNA template. cDNA was 
produced from mycelial samples of the two isolates. Total RNA was extracted from lOOmg 
of ground mycelium using the RNeasy kit (Qiagen) according to the manufacturer's 
recommendation. First strand cDNA synthesis was prepared from lug of total RNA using 
RT PCR with the Advantage RT-PCR Clontech kit (according to the manufacturer's 
recommendation). 5pl of the resulting cDNA was then used in PCRs. The PCR components 
and conditions were as described previously. A ~800bp PCR product was amplified for both 
isolates (delineating the sequence encoding amino acid region 48 to 310 of fungal 
cytochrome b according to the S. cercvisiae numbering system). In both cases, the PCR 
product was cloned in the TA pCR2.1 vector (Inviirogen) and 4 clones which contained an 
expected size insert (-800bp) were sequenced using MI 3 forward and reverse primers for 
each isolate. Sequence data analysis revealed that a novel cytochrome b gene sequence had 
been isolated that was closely related to other known ascomyceie cytochrome h sequences. A 
61 nucleotide tract of cDNA sequence encoding 30 bases upstream and 30 bases downstream 
of the second base of the G !4 3 codon (according to the S.cerevisiae ammo acid numbering 
system) can be found in Table 3. 

Specific ARMS P. teres primers were designed around the G, 4 *A point mutation 
location: 

a forward ARMS primer based on the wild type sequence: 

G-sp-4: CCCTACGGGCAAATGAGCCTTTGAAG (SEQ ID NO 142) 

a forward ARMS primer based on the potential G N ^A mutation: 

C-sp-5: CCCTACGGGCAAATGAGCCTTTGATC (SEQ ID NO 143) 

and a control primer designed upstream from the point mutation: 

STAND4: ACCCTACGGGCAAATGAGCCTTTG (SEQ ID NO 144) 
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the reverse primer used was: 

UNLS4: TACACCTAAAGGATTTCCTGACCCTGCAA <SEQ ID NO 145) 

Again in the ARMS primers, the -I base (the 3'end base) corresponds to the second 
nucleotide of the G| 4 VA J4 ^ codon. Bases in the primers which differ from the wild type 
5 cytochrome b P. teres sequence are in bold. The -2 position was changed from a G to an A or 
T base. This was done to destabilise the primer. 

All primers were synthesised by Oswel DNA Service. Before use, the primers were 
diluted to 5^iM in a total volume of 500pl ddH^O each. The primers were then further diluted 
to a final concentration of 500nM in the PCRs. 
10 In this case, an intercalating dye was used for detection of the PCR product. The dye 

used was YO-PRO-1 dye (Molecular Probes. Seattle Washington, USA) which binds to 
double stranded DNA and emits fluorescence which is detectable by the ABI Prism 77CX) 
instrument. 



15 concentrations. This was done to check the specificity and sensitivity of the primer designs. 
Partial wild type P. teres cytochrome b gene sequence and a corresponding sequence 
containing the G t4 ^A mutation introduced by site directed mutagenesis were cloned in the 
TA pCR2.1 vector to be used in this validation process (as described in Example 3). 



20 per u.1. The two plasmids were diluted to 2xl0 7 , 10\ 10^ and 10 1 moleculcs/u.1 and 5fal were 



respective PCRs (see Example 1 for PCR conditions). The only difference was that YO- 
PRO- 1 dye was added to the reaction mix. The generation of primer dimcr product interfered 
with the signal past cycle 35. This method of detection is less sensitive than the Scorpion 
25 detection system because it is more affected by background noise (e.g. fluorescence emission 
from primer dimer formation). Nevertheless, it was concluded that valuable information 
could be drawn from using this method but increased caution had to be taken in interpreting 
results. 

In the following experiment, the isolates described above were checked for the 
30 presence of the G m A allele. Isolates were grown in a medium with a non-fermentable 

carbon source to obtain material for ARMS/Scorpion assays. An initial spore suspension was 
inoculated ( 1ml at 100,000 spores/m!) into conical flasks containing broth The cultures were 



Primers were first validated by using plasmid DNA as template at various 



Undiluted, the plasmid DNA stocks were calculated to be approx. 2xl0 n molecules 



used of each dilution resulting in - 1x10 s . I0 6 , 10 4 and 10 : molecules of plasmid in the 
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incubated on an orbital shaker as previously described and the resulting mycelia were then 
harvested for use in cDNA preparations. cDNA material was prepared (as described 
previously) from each of the isolates. This was done to avoid designing primers within the 
complex intron/exon organisation of the P. teres cytochrome b sequence. 

All PCRs were set up as previously described and 50 cycles were earned out. The 
only difference was that YO-PRO-1 dye was added to the reaction mix. cDNA neat and 
diluted 1 : 10 were used as template, in all cases 5uJ of template were added to the PCR 
assays. 

Figures 9 a and b illustrate the PCR amplification results of two of the eleven isolates tested 
in two dilutions, in duplicate with the three primer pairs. In no case were detectable levels of 
the GuiA allele present in the samples tested. 
Real time PCR study using a Scorpion detection system: 

A diagnostic Gi-^A Scorpion assay was also designed based on the genomic 
organisation that was determined for the P. teres cytochrome b gene encoding the ammo 
acid region of interest. 

The intron/exon organisation around the base of interest was elucidated by carrying 
out PCR amplifications on genomic DN A preparations with a series of primers designed to 
the known coding sequence and to subsequently identified intron sequences. Taq Extender™ 
PCR Additive and Perfect Match® PCR Enhancer (both from Strategene catalogue No. 
600148 and 600129 respectively) were used as per manufacturer's instructions in the 
amplification of large PCR fragments using a variety of different primer combinations. After 
an initial 94°C incubation for 3 minutes, 30 cycles of 94°C for 45 sec, 52°C for 45 sec and 
72°C for 3 minutes were carried out on a Hybaid Omn-E PCR instrument. A final 72°C 
incubation for 10 minutes was also included. When the PCR products were analysed using 
gel electrophoresis, a 2.7kb PCR product was found with the primer pair pter23F (coding 
region 5' ACA TAG TAA TAC TGC TTC AGC 3') (SEQ ID NO 146) - pter25R (intron region 
5' TAC ATT TGA GGC AAA TAT TTC (SEQ ID NO 147) 3') and a 7.5kb PCR product was 
found with primer pair pter7F (coding region 5' CTA CGG GCA AAT GAG CCT TTG 3') 
(SEQ ID NO 148) - pter6R (coding region 5' CTC TGG AAC TAT CGC TGC AGG 3') (SEQ ID 
NO M9). These PCR products were cloned in the pCR-XL-TOPO vector (Invitrogen 
Catalogue No. K4700-10) according to the manufacturer's instructions and 2 clones for each 
cloning event were sequenced as described previously. The second base of the G m codon 
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was found lo be located ai the 3* end of a 36bp exon. A 61 nucleotide tract encoding 30 bases 
upstream and 30 bases downstream of the second base of the codon (according to the 
S.cerevisiae amino acid numbering system) can be found in Table 3. 

A series of 3 1 bp ARMS primers and a control primer (for the amplification of 
5 both mutant and wild type alleles) were designed on the forward strand whilst the 
common Scorpion primer was designed on the reverse strand in intron sequence. The 
resulting amplicon was 121 bp long (with the ARMS primers) and 123bp long (with the 
control primer). In this case, the second base of the G M 3 codon is on a 36bp exon, only 
Ibp away from the 3' splicing site. Again the Scorpion primer was designed using the 
10 Oiigo 5 and MFold programs (see details in Example 1). The P. teres Scorpion primer 
sequence was: 



5TAM CCC GCC GCA AGC TGA TTT CAT A GG CGG G (SKQ ID NO 150) MR-HEG TT 
CAA GTA CAT CCA ATT TC A ATA TAC ACT 3' (SEQ ID NO 151) 

15 

The Scorpion primer description, the primer synthesis and real time PCR conditions were as 
described in previous examples. 

In the optimisation of this Scorpion assay, a wider variety of primers than in previous 
Examples were tested for specificity, each with different mismatched bases at their T end to 
20 cause destabilisation (highlighted in bold), as shown below. 



Primer 


Sequence 


STANDS 


A CCC TAC GGG CAA ATG AGC CTTTGA G (SEQ ID NO 152) 


PT-G- 1 


CCC TAC GGG CAA ATG AGC CTT TGA AG (SEQ ID NO 153) 


PT-C-I 


CCC TAC GGG CAA ATG AGC CTT TGA AC (SEQ ID NO 154) 


PT-G-2 


CCC TAC GGG CAA ATG AGC CTT TGA CG (SEQ ID NO 155) 


PT-C-2 


CCC TAC GGG CAA ATG AGC CTT TGA CC (SEQ ID NO 1 56) 


PT-G 3 


CCC TAC GGG CAA ATG AGC CTT CGA AG (SEQ ID NO 157) 


PT-C-3 


CCC TAC GGG CAA ATG AGC CTT CGA AC (SEQ ID NO 158) 


PT-G^l 


CCC TAC GGG CAA ATG AGC CTT TTA CG (SEQ ID NO 159) 


PT-C-4 


CCC TAC GGG CAA ATG AGC CTT TTA CC (SEQ ID NO 160) 


PT-G S 


CCC TAC GGG CAA ATG AGC CTT TGC GG (SEQ ID NO 16 \) 


PT-C-5 


CCC TAC GGG CAA ATG AGC CTT TGC GC (SEQ ID NO 163) 



Table 1 I : P. leres ARMS primers 



Initial validation of the primers was carried out on the wild type and mutant plasmid 
25 template at lxlO 7 molecules per reaction. Real time PCR on the AB1 Prism 7700 instrument 
was carried out in duplicate for each of the plasmid templates, using both the G and C- 
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specific ARMS pnmers and the control primer (which amplifies both mutant and wild type 
alleles) with the common reverse Scorpion primer. 

As seen in the Table 12, the different ARMS primer designs gave different windows 
of specificity when tested against mutant and wild type plasmid templates. 

5 When compared to the other primers tested, PT-G-1 and PT-C-5 provided the widest window 
of specificity. They were therefore chosen as the preferred primer pair for this assay. Primer 
PT-C-5 has a Ct value of 16 on the correct template, and PT-G-1 also has a Ct value of 16 on 
the correct template. The PT-C-5 primer misprimes on the wrong template at cycle 34 giving 
a window of specificity of 18 cycles and the PT-G-1 primer misprimes at cycle 32 giving a 

10 window of specificity of 16 cycles equating to approximately 10 fold difference in the 
sensitivity of the two primers. 



Primer 


Ct on correct 


Ct on incorrect 


Window of specifieit\ 




template 


template 


1 cvcles ) 


PT-G-1 


16 


32 


16 


PT-G-2 


23 


38 


15 


PT-G-3 


FAILED 


FAILED 


FAILED 


PT-G-4 


32 


42 


10 


PT-C-5 




36 


14 


PT-C-1 


20 


34 


12 


PT-C-2 


20 


34 


12 


PT-C-3 


28 


38 


10 


PT-C-4 


34 


38 


4 


PT-C-5 


Id 


34 


18 


C SP-5 


18 


34 


18 



Table 12: ARMS primer validation 



15 The PT-G-1 and PT-C-5 ARMS pnmers were tested in a plasmid spiking experiment 

where the mutant plasmid was 'spiked' in a background of wild type plasmid at frequencies 
of 1:1, 1:10, 1:100, 1:1,000, 1:10,000 and 1:100,000, all in lmg/ml BSA. In all cases the 
total plasmid concentration of each frequency in the PCR assay was lxlO 7 
molecules/reaction. Real time PCR conditions and components were as described previously. 
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The resuhing data is summarised in the table below: 



PCR template 


PT-C-5 Ct values 


Mm C template 


18 


1:1 


19 


1:10 


22 


1:100 


26 


1:1000 


30 


1:10000 


34 


1:100000 


36 


\{XY/f G template 


36 



Table 13: Spiking experiment results 



As the C plasmid reduces in the wild type plasmid background, the fluorescence 

5 detection is delayed. With each 10 fold dilution of the C plasmid, there is a delay of 4 cycles 
in the detection of fluorescence. The PT-C-5 cycle threshold value on one mutant molecule 
in a background of 10,000 wild type molecules could be clearly seen but the 1:100,000 was 
not distinguishable as the PT-C-5 primer mispnmes from the \009c wild type (G) cassette 
thus masking the lower C:G frequency. This indicates that the ARMS switch in this case will 

10 allow a frequency of ± 1:10,000 to be detected with confidence. 

A series of P. icres samples gathered from Cork in Ireland (lr 5-8, lr9-13, lr 14-17, lr 
18-21, lr 30-34 ) were tested using the newly optimised real time Scorpion PCR assay. These 
groups of 4 or 5 isolates were inoculated onto V8 agar plates and incubated until sporulation 
of the resulting colony was achieved. 

15 Mycelia were harvested from the agar plates in 10ml sterile ddH;>0. The mycelial 

suspension was transferred to a 15ml Falcon tube and centrifuged at 3200rpm for 10 minutes. 
The water was removed and the mycelial mass was divided between two sterile Eppendorf 
tubes. The mycelia were then pelleted by centrifugation at 13,000rpm for 5 minutes. The 
supernatant was removed using a pipette and one of the mycelial pellets was used in the 

20 DNA extraction, the other was kept at -80 C until needed. I >NA extraction was earned out 
using the Qiagcn DNcasy Plant Mini Kit protocol for isolation of DNA from plant tissue, as 
described in the manufacturer's protocol. The DNA was diluted 10-fold and 100-fold for use 
in the assay and 5(il aliquots of DNA were used in each PCR assay. All isolates were tested 
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with each pnmer pair (PT-C-5, PT-G-1 and the control pnmer; each with the common 
reverse primer containing the Scorpion detection system) in triplicate and in two dilutions. 

The results of the isolate screening using the 1 : 10 dilution of genomic DNA as 
template are shown below: 



Isolates 


Cycle threshold values 




C 


G 


S 


Ir5-8(l) 




20 


20 


lr5-8(2l 




22 


22 


lrS-8 (3) 


34 


20 


20 


IrV- 13(1) 




18 


18 


Ir9-13 (2) 




20 


20 


lr9-13 (3) 


36 


20 


20 


lr 1-4- 1 7 ( 1 ) 


36 


18 


18 


Irl4-|7 (2) 




~» -» 


~> i 


lr!4-)7 (3i 


36 


18 


18 


IrIS-21 (1) 




20 


20 


lrlK-21 (2) 




20 


20 


IrlS-21 (3) 


M 


18 


18 


lr3()-34 ( 1 ) 




20 


20 


Ir30-34 <2) 


34 


20 


20 


lr30-34 (3) 




19 


19 



Table 14 : P. teres real time PGR results 



In most cases the PT-C-5 primer only shows a cycle threshold value (Ct) at or later 
than cycle 34 at which mispriming is shown to occur on plasmid template. In some cases the 
PT-C-5 primer does not mispnmc at all. These results demonstrate that there was no 
evidence of the Gu*A mutation being present in the samples studied. 
EXAMPLE 5 

In Example 5, we report the characterisation of partial cytochrome b Uncinula 
necatorgene sequence. U. necator h the causal agent of vine powdery mildew. 

Infected vine leaves and fruit were collected from trial sites and commercial 
vineyards in France and Italy during 1999 and sent to Jealotfs Hill Research Station (Zeneca 
Agrochemicals). Following arrival in the laboratory', mycelium and spores were transferred 
using a small paintbrush to fresh surface-sterilised leaves detached from 6-7 leaf seedlings 
(var. Ohanez). U. necator from each collection site was treated as a separate population. 

On receipt in the laboratory the inoculated leaves were placed in a constant 
temperature room at 21°C and incubated for 2-3 weeks. Once sporulating disease was 
detected, the infected leaves were used to inoculate 3-4 leaf vine seedlings sown directly into 
a plastic plant propagator. A compressed airline was used to blow conidia off source leaves 
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onto appropriate target leaves of up to 40 vine seedlings per isolate. The lid was replaced on 
the propagator, which was then incubated in a controlled environment growth room for 2 
weeks. Conidia produced on these plants were collected and frozen at -80°C until needed. 

Total RNA was extracted from lOOmg of ground U. necator spores originating from 
5 one isolate using the RNeasy kit from Qiagen (according to the manufacturer's 

recommendation). First strand cDNA synthesis was from l^ig of total RNA using RT PCR 
with the Advantage RT-PCR Clontech kit (according to the manufacturer's 
recommendation). 5uJ of cDNA was used as template for PCR amplification using ERY 1 IF 
(5ATGAACAATTGGTACAGTAAT 3') (SEQ ID NO 163) and ERY 4R (5* 

10 AAATCTGTTAAAGGCATAGCC 3') (SEQ ID NO 164) which delineate amino acids 1 14 to 
309 of fungal cytochrome b based on the S. cerevisiae numbering system. A DjNA fragment 
of the expected size (~500bp) was amplified and the PCR product was cloned in the pCR2.1 
TA vector (Invitrogen) according to manufacturer's recommendations. Wizard minipreps 
were carried out to identify clones with suitable inserts and 5 clones were submitted for 

1 5 sequencing using the M 13 forward and reverse primers. Upon analysis with the relevant 

bioinformatics software (Seqman and Macaw), it was found that a novel cytochrome b gene 
sequence had been identified which was closely related to other ascomycetc cytochrome b 
sequences. A 61 nucleotide tract of cDNA sequence encoding 30 bases upstream and 30 
bases downstream of the second base of the Gu* codon (according to the S. cerevisiae amino 

20 acid numbering system) can be found in Table 3. Specific U. necator primers were designed 
based on the novel sequence for use directly on spore material. The presence of intron 
sequences within the region of interest (500bp around the Gmj SNP) was suspected as no 
previous PCR amplification on biological material had been successful. Taq Extender™ PCR 
Additive and Perfect Match® PCR Enhancer (both from Strategene) were used (as per 

25 manufacturer's instructions) in the amplification of large PCR fragments using a variety of 
different primer combinations. After an initial 94°C incubation for 3 minutes, 30 cycles of 
94 °C for 45 sec, 52°C for 45 sec and 72°C for 3 minutes were carried out on a Hybaid Omn- 
H PCR instalment. A final 72 C 'C incubation for 10 minutes was also included. Primer 
combinations 2F (5' GTT TTA CCC TAC GGG CAG ATG3') (SI Q IP N( ) I6S,-5R( 5' AAA 

30 GAA TCT GTT TAA GGT TGC 3') (SEQ ID NO 1 66), 2F6R (5* AAA CCA CCT CAA AGA 
AAC TCC 3' ) (SEQ ID NO 167) and 4F (5' CAT GAA TAG GAC A AG ATA TCG 3') (SEQ ID 
NO 168) -6R successfully amplified PCR products ranging from 1.6kb to 3kb in length. These 
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PCR products were cloned in the TA pCR2.1 vector (Invitrogen) and subseq L 
used for sequencing as described previously. A primer walking strategy was foil, 
clone corresponding to each of the different PCR products and the sequence analyse .nese 
three clones showed the presence of two introns (L6kb and 1.1 kb in length ) within the PCR 
fragments. The second base of the G| 4 ^ codon is lObp upstream of an mtron splicing sue. A 
41 nucleotide tract encoding 10 bases upstream and 30 bases downstream of the second base 
of the Gu} codon (according to the S.cerevisiac amino acid numbering system) can be found 
in Table 3. 
EXAMPLE 6: 

In example 6 we report the characterisation of partial Sphuerothvca fuhginea 
cytochrome b gene sequence and a single nucleotide polymorphism that gives nsc to 
resistance to strobilurin analogues and compounds in the same cross resistance group. S. 
fuliginca is the causal agent for cucurbit powdery mildew. 

S.fuliginea infected cucumber and melon leaves were collected from the field and 
15 conidia were dry inoculated in the laboratory to fresh leaf material (cucumber and melon) 

using a small paintbrush. Monoconidial isolates were subcultured and tested in planta by 24 
hour preventative discriminating dose assay (up to lOOppm doses, known to give a 100% 
control of wild type strains). Conidia from candidate resistant isolates were removed by 
aspiration by vacuum pump into a suitable container. Pan of this sample was analysed using 
20 PCR analysis and the remainder was re-tested to confirm phenotypic resistance. 

An RT-PCR strategy was followed (as described in Example 3) on a -lOOrng conidial 
strobilurin analogue sensitive sample. The resulting cDNA was used as template in a PCR 
amplification reaction using primers Ery2F (5' TCACCTAGAACATTAACATGA 169) 
3*<SEQ ID NO) and 4R (5' AAATCTGTTAAAGGCATAGCC 3\SEQ ID NO 170)) which 
25 delineate amino acids 108 to 309 of fungal cytochrome b based on the S. cerevisiae 

numbering system. Other PCR components and conditions were as described previously. A 
PCR product of the expected size (~600bp) was found during gel electrophoresis analysis of 
the PCR products and this product was then cloned in the T A pCR2.1 vector (Invitrogen) and 
5 clones with correct size inserts (~600bp) were sequenced using Ml 3 forward and reverse 
30 primers as described previously. Upon analysis with the relevant bioinformaiics software 
(Seqman and Macaw), it was found that a novel cytochrome b gene sequence had been 
identified which was closely related to other ascomycete cytochrome b sequences. Specific 
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Sphacroihcca fuliginea PCR primers were then designed for the amplification of the Gm 
region from genomic DNA. Primer pairs SF1 (5* TTCCCTTCGGTCAAATGTCGC .V) <SEQ 
ID NO 171)- SF8 (5' AAACCCCCTCAGAGAAACTCC 3')<SEQ!DNO 172) and SF1 - SF10 
(5' GACCCCGCGCTATCATGTAAG 3')(SEQlDNO 173) were used in PCR amplifications 
5 using spore samples resuspended in ddH^O as template. The PCR components and conditions 
were as described in previous examples. The PCR products were analysed by gel 
electrophoresis and a ~2kb product was found with the SF1/8 primer pair and a -2.1 kb band 
was found with the SF1/10 primer pair. Both PCR products were cloned in the TA pCR2.1 
cloning vector (Invitrogen) and 5 clones were sequenced as described previously. Two clones 

10 from both cloning events were fully sequenced using a primer walking strategy. When the 
sequence data was analysed using the relevant bioinformatics software, it was found that a 
1 9 1 7bp intron was present 9bp downstream from the second base of the codon. The 
cDNA and the genomic (taking in account the intron/exon organisation) sequences of a 37 
nucleotide tract encoding 6 bases upstream and 30 bases downstream of the second base of 

1 5 the G|4i codon (according to the S.cerevisiae amino acid numbering system) can be found in 
Table 3. 

Partial cytochrome b gene sequence was also amplified from conidial strobilurin 
analogue resistant samples. Conidial samples (<50mg) were resuspended in 200|i! ddH?0 and 
diluted 1:10, 1:100 in ddH 2 0. 10u.l of each dilution was used as template for PCR 

20 amplification using the SF1/SF8 specific S. fuliginea primers. Taq Extender™ PCR Additive 
and Perfect Match® PCR Enhancer (both from Strategene) were used (as per manufacturer's 
instructions) in the amplification of this large PCR fragment. After an initial 94°C incubation 
for 3 minutes, 30 cycles of 94°C for 45 sec, 50°C for 45 sec and 72°C for 5 minutes were 
carried out on a Hybaid Omn-E PCR instrument. A final 72°C incubation for 10 minutes was 

25 also included. The PCR products were analysed using gel electrophoresis analysis and an 

expected size band (~2kb) was found. This was cloned in the TA pCR2.1 vector (Invitrogen) 
and 10 clones which had the expected size insert were sequenced as described in previous 
examples. Analysis of the sequence data using suitable bioinformatics software (Seqman, 
Fditseq and Macaw software) revealed a G-->C point mutation in the cytochrome b sequence 

30 when compared to wild type sequence in all 10 cases. This DNA point mutation leads to a 
single glycine to alanine change at position 143 (according to the S.ccrcvi.siac amino acid 
coding system). 
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EXAMPLE 7: 

In example 7 we report the characterisation of partial Mycosphaerella fijiensis var. 
difjormis cytochrome b gene sequence. M. fijiensis is the causal agent of black sigaioka 
disease on banana. 

Infected banana leaves were collected from the field and ascospores inoculated from 
leaves directly onto artificial media in a petri dish. Monoascosponc isolates were maintained 
on artificial media and prepared for PCR analysis by shake flask culture in a broth medium. 
Mycelia were collected through Micracloth and ground to a fine powder using an acid 
washed and autoclaved sterile pestic and mortar. lOOmg of ground mycelia were used in a 
genomic DNA extraction and in a first strand cDNA synthesis (as described in previous 
examples). The genomic DNA was diluted 1:30. 1 : 1 00 and 1:1 (XX) in ddH 2 0 prior to use as 
PCR template. 5uJ of cDNA and 10uJ of each genomic DNA dilution were used as template 
for PCR amplification using the degenerate primer pair as described in Example 3. The PCR 
conditions and components were as described in previous Examples. Upon gel 
electrophoresis analysis of the PCR products, an expected size band (~500bp) was found 
when cDNA was used as template and a larger band (~1.6kb) was found when genomic DNA 
was used as template. The two PCR products were cloned in the pCR2.1 TA vector 
(Invitrogen) and five resulting clones with the correct size inserts (~500bp and L6kb) were 
sequenced using the MI 3 forward and reverse primers. Upon analysis of the sequence data 
using the relevant bioinformatics software, it was found that the larger PCR product 
contained a 1064bp imron, 78bp downstream from the second base of the G, 43 codon. Apart 
from the presence of the intron in the larger PCR product, the DNA sequences were identical. 
This cytochrome b gene sequence was identified as novel and was closely related to other 
ascomycete cytochrome b sequences. A 61 nucleotide tract encoding 30 bases upstream and 
30 bases downstream of the second base of the G M j codon (according to the S. cercvisiae 
ammo acid numbering system) can be found in Table 3. 
EXAMPLE 8: 

In example 8 we report the characterisation of partial Pseudoperonospora cubensis 
cytochrome b gene sequence. P. cubensis is the causaJ agent of cucurbit downy mildew. 

Sporangia were washed off infected leaf material into dcionised water. The resulting 
sporangial suspension was inoculated by spray gun onto fresh leaf material at a concentration 
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of 10,000 spores per ml. After disease had developed, a sample of spore suspension, 
collected in ddPhO, was spun in a centrifuge to produce a pellet and kept at -80°C until 
needed. The P. cubensis sporangia were then resuspcnded in 200|il of ddH?0 and diluted 1:10 
and 1:100 in ddKbO. lOjil of each sporangia dilution was used as template for PCR 
5 amplification using primers PLAS17F and PLAS15R (see details in Example 1 ). The PCR 
conditions and components were as described in previous Examples. Upon gel 
electrophoresis analysis of the PCR products, an expected size band (~500bp) was found. 
This PCR product was then cloned in the pCR2.1 TA vector and five resulting clones with 
the correct size inserts (~500bp) were sequenced using the M13 forward and reverse primers. 

10 Upon analysis with the relevant biornformatics software, it was found that a novel 

cytochrome /; gene sequence had been identified which was closely related to other oomycete 
cytochrome b sequences. A 61 nucleotide tract encoding 30 bases upstream and 30 bases 
downstream of the second base of the Gui codon (according to the S. cercvisiae amino acid 
numbering system) can be found in Table 3. 

15 EXAMPLE 9: 

In example 9 we report the characterisation of partial Mycosphaerclla grammicola 
cytochrome /; gene sequence. A/, grammicola is the causal agent of leaf blotch on wheat. 

Infected wheat leaves were collected from the field and incubated in a humid 
environment to promote spore production. Cirri were removed from leaves and spread onto 

20 Czapek Dox V8 agar plates (see Table 9) and incubated in a controlled environment at 19°C 
for 6 days. Single colony isolates were further subcultured and bulked up by shake flask 
culture in a suitable medium. Fungal material was removed and maintained at -80°C until 
needed. A genomic DNA preparation was carried out as described in Example 1 on 200mg of 
ground mycelia. The genomic DNA yield and quality was checked by gel electrophoresis and 

25 diluted l:10and 1 : 100 in ddH ? 0. lOjil of each dilution was used as template for PCR 

amplification using primers Cyt3F and Cyt9R (details in Example 2). PCR components and 
conditions were as described in Example 2. The PCR products were analysed by gel 
electrophoresis and a band of the expected size was found (~MX)bp) Tins PCR product was 
cloned in the TA pCR2.1 vector and 5 clones containing correct size inserts were sequenced 

30 as described before. When the sequencing data was analysed using the relevant 

bioinformaiics software, the PCR fragment was found to encode pan of a novel cytochrome 
b gene sequence which showed close homology to those of other ascomycclc's. A 61 
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nucleotide tract encoding 30 bases upstream and 30 bases downstream of the second base of 
the G,43 codon (according to the S.cerevisiae amino acid numbering system) can be found in 
Table 3. 
EXAMPLE 10: 

In example 10 we report the characterisation of partial Colletotrichum gramimcola 
cytochrome b gene sequence. C. gramimcola is the causal agent of cereal and grass 
anthracnose. 

Infected leaf material (turf or moss) was collected from the field and the fungal 
material removed and subcultured on artificial media. Fungal material was bulked up by 
shake flask culture, harvested and kept at -80°C until needed. A genomic DNA preparation 
was carried out as described in Example 1 on 200mg of ground mycelia. The genomic DNA 
yield and quality was assessed by gel electrophoresis and dilutions of 1: 10 and 1:100 in 
ddH : 0 were prepared. lOul of each dilution was used as template for PCR amplification 
using primers deg4F and dcg3R (details in Example 3). PCR components and conditions 
were are described in Example 3. The PCR products were analysed by gel electrophoresis 
and a band of the expected size was found (~500bp). This PCR product was cloned in TA 
pCR2.i vector and 5 clones containing correct size inserts were sequenced as described 
before. Upon analysis with the relevant bioinformatics software, it was found that a novel 
cytochrome b gene sequence had been identified and that this was closely related to other 
ascomycete cytochrome b sequences. A 61 nucleotide tract encoding 30 bases upstream and 
30 bases downstream of the second base of the G m codon (according to the S.cerevisiae 
amino acid numbering system) can be found in Table 3. 
EXAMPLE II: 

In example 1 1 we report the characterisation of partial Colletotrichum 
gloeosporioides cytochrome b gene sequence. C. gloeosporioides is the causal agent of fruit 
anthracnose (e.g. pepper, avocado and mango). 

Infected plan! material (mango or chilli) was collected from the field and fungal material was 
removed and subcultured on artificial media. Mycelia was bulked up in shake flask culture 
and harvested by filtration through Miracloth. The mycelia were stored at -80°C until needed. 
The mycelia were ground using an acid washed sterile pestle and mortar and lOOmg was 
used in a genomic DNA preparation and a first strand cDNA synthesis (procedures as 
described in previous examples). 10u.j of each genomic dilutions and 5|il neat cDNA was 




O 00/66773 




PCT/G BOO/01620 



used as template for PCR amplification using pnmers deg4F and deg3R (primer details in 
Example 3). PCR components and conditions were as described in previous Examples. The 
PCR products were analysed by gel electrophoresis and bands of the expected size were 
found (-500bp). The PCR product was the same size when using genomic DNA or cDNA as 

5 template which indicates the lack of introns in the DNA region amplified. The PCR products 
were cloned in TA pCR2.) vector and 5 clones containing correct size inserts for each 
cloning event were sequenced as described in previous Examples. When the sequencing data 
was analysed using the relevant bioinformatics software, the PCR products were found to be 
identical in all cases and to encode a novel cytochrome /; gene sequence with close homology 

10 to other ascomycetc sequences. A 61 nucleotide tract encoding 30 bases upstream and 30 

bases downstream of the second base of the G| 4 ^ codon (according to the S.cerevisiac amino 
acid numbering system) can be found in Table 3. 



15 cytochrome h gene sequence. O. lycopersicum is a causal agent for tomato powdery mildew. 

Diseased tomato leaves were collected from the field and conidia subcultured to fresh 
leaf material by dry inoculation in a settling tower. Conidia growing from the resulting 
infection were removed by aspiration by vacuum pump into a sterile Eppcndorf tube and kept 
in at -SOX until needed. A first strand cDNA synthesis was carried out on RNA isolated 

20 from lOOmg of spores as described previously and 5u:l of this cDNA was used for PCR 
amplification using primers Ery2-4 (details in example 6). The PCR components and 
conditions were as described previously. When the PCR products were analysed by gel 
electrophoresis, a PCR product was found at the expected size (~500bp). This PCR product 
was cloned and 5 clones containing the correct size insert (-5(X)bp) were sequenced as 

25 described previously. Upon analysis with the relevant bioinformatics software, it was found 
that the PCR fragment encodes a novel cytochrome b gene sequence which was closely 
related to other ascomycetc cytochrome b sequences. A 61 nucleotide tract encoding 30 bases 
upstream and 30 bases downstream of the second base of the Gu? codon (according to the 
S.cerevisiac amino acid numbering system) can be found in Table 3. 



EXAMPLE 12: 



In example 12 we report the characterisation of partial OiJium lycopersicum 
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In example 13 we report the characterisation of partial Leveillula taurica cytochrome 
b gene sequence. L. taurica is a causal agent for tomato powder)' mildew. 

Diseased pepper leaves were collected from the field and conidia dry inoculated to 
fresh leaf material on whole plants. Conidia from resulting infections were removed by 
aspiration by vacuum pump into a suitable container and analysed using PCR. Diseased 
pepper and tomato leaves were collected from the field and glasshouse at Jealotf s Hill and 
infected leaf material was used directly in PCR analysis. 

A first strand cDNA synthesis was carried out on RNA isolated from lOOmg of 
spores or diseased plant material as described previously. When diseased plant material was 
used as starting material, fungal lesions were enriched by removing non-diseased plant tissue 
from the preparation. 5|il cDNA aliquots were used for PCR amplification using primers 
Eryl 1-12 (details in example 2). PCR components and conditions were as described 
previously. When the PCR products were analysed by gel electrophoresis, a PCR product 
was found at the expected size (~500bp). This PCR product was cloned and 5 clones 
containing the correct size insert (~500bp) were sequenced as described previously. Upon 
analysis with the relevant biomformatics software, it was found that the PCR product 
encodes a novel cytochrome b sequence which was closely related to other ascomycete 
cytochrome b sequences. A 61 nucleotide tract encoding 30 bases upstream and 30 bases 
downstream of the second base of the G| 4 ^ codon (according to the S.cercvisiae amino acid 
numbering system) can be found in Table 3. 
EXAMPLE 14: 

In example 14 we report the characterisation of partial Alteniaria soiani cytochrome 
b gene sequence. A. soiani is the causal agent for early blight in tomato and potato. 
Infected leaf material (tomato or potato) was collected from the field and the fungal material 
removed and subcultured on artificial media. Fungal samples were bulked up in shake flask 
culture. Culture collection isolates had been stored in liquid nitrogen and periodically 
subcultured on artificial media or subcultured through live host material before re-storing at - 
80°C. Mycelia grown in a shake flask were ground using an acid washed sterile pestle and 
mortar and lOOmg was used in a genomic DNA preparation and a first strand cDNA 
synthesis (procedures as described in previous examples). lOfil of each genomic dilutions 
and 5p_l neat cDNA was used as template for PCR amplification using primers deg4F and 
dcg3R (details in Example 3). PCR components and conditions were as described in 
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Example 3. The PCR products were analysed by gel electrophoresis and bands of the 
expected size were found (~500bp). The PCR product was the same size when using 
genomic DNA or cDNA as template which indicates the lack of introns in the DNA region 
amplified. The PCR products were cloned in TA pCR2.1 vector and 5 clones containing 
correct size inserts for each cloning event were sequenced as described before. When the 
sequencing data was analysed using the relevant bioinformatics software, the PCR products 
were found to be identical in all cases and to encode a novel cytochrome b gene sequence 
which shows close homology to other ascomycete sequences. A 61 nucleotide tract encoding 
30 bases upstream and 30 bases downstream of the second base of the G| 4 ; codon (according 
to the S. cerevisiae amino acid numbering system) can be found in Table 3. 

A sequence only 12bp different from the previously isolated A. solani sequence was 
also amplified when using genomic DNA extracted directly from field infected tomato leaves 
as template for PCR amplification using primers Eryl 1-12 (sec above for details). Although 
this DNA sequence contained 12 nucleotide differences, it did not result in any difference at 
the amino acid level when the two sequences were translated. The significant difference 
between these two sequences was the presence of an ~1.2kb intron, 62bp downstream of the 
second base in the G 14 ? codon. These differences in intron/exon organisation and codon 
usage are evidence that such variations are possible within one species. 
EXAMPLE 15: 

In example 15 we report the characterisation of partial Cercospora arachidola 
cytochrome b gene sequence. C. arachidola is the causal agent of peanut leaf blotch. 

Infected leaf material (peanut) was collected from the field and the fungal matenal 
removed and subcultured on artificial media. Cultures were stored in liquid nitrogen until 
required. Matenal was removed from storage onto agar and resulting colonies bulked up in 
shake flask culture and kept at -80°C until needed. Mycclia were ground using an acid 
washed sterile pestle and mortar and lOOmg was used in a genomic DNA preparation and a 
first strand cDNA synthesis (procedures as described in previous examples ). 10pJ of each 
genomic dilutions and 5ul neat cDNA were used as template for PCR amplification using 
primers deg4E and deg3R (details in Example 3) PCR components and conditions were are 
described in Example 3. The PCR products were analysed by gel electrophoresis and bands 
of the expected size were found (~500bp). Again the PCR product was the same size when 
using genomic DNA or cDNA as template which indicates the lack of introns in the DNA 
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region amplified. The PCR products were cloned in TA pCR2.1 vector and 5 clones 
containing correct size inserts for each cloning event were sequenced as described before. 
When the sequencing data was analysed using the relevant bioinformatics software, the PCR 
products were was found to be identical in all cases and to encode a novel cytochrome b gene 
5 sequence which showed close homology to other cytochrome h gene sequences. A 61 

nucleotide tract encoding 30 bases upstream and 30 bases downstream of the second base of 
the Gui codon (according to the S cerevisiae amino acid numbering system) can be found in 
Tabic 3. 
EXAMPLE 16: 

10 In example 16 we report the characterisation of partial Rhizoctonia solani cytochrome 

b gene sequence. R. solani is the causal agent of rooi stem rot or damping off. 

Infected leaf material (rice ) was collected from the field and the fungal material 
removed and subcultured on artificial media. Cultures were stored in liquid nitrogen until 
required. Material was removed from storage onto agar and resulting colonics bulked up in 

15 shake flask culture and kept at -80°C until needed. A first strand cDNA synthesis was carried 
out on RNA isolated from lOOmg of ground mycelia as described previously and 5uJ was 
used for PCR amplification using basidiomveete degenerate primers IF (5 1 
WYTRGTAYTAATGATGGCTATHGG 3')(SEQlDNO 174) and 1R(5' 
TCTT A R W ATWGC A T A G A A W GG ) 3' (SEQ ID NO 175) which delineate amino acids 121 to 

20 283 of fungal cytochrome /; according to the S. cerevisac numbering system. PCR 

components and conditions were as described previously. When the PCR products were 
analysed by gel electrophoresis, a PCR product was found at the expected size (~500bp). 
This PCR product was cloned and 5 clones containing the correct size insert (~500bp) were 
sequenced as described previously. When the sequencing data was analysed using the 

25 relevant bioinformatics software, the PCR product was found to encode a novel cytochrome 
b gene sequence which showed close homology to other basidiomycete sequences. A 61 
nucleotide tract encoding 30 bases upstream and 30 bases downstream of the second base of 
the G !43 codon (according to the S.cerevisiac amino acid numbering system) can be found in 
Table 3. 
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In example 17 we report the characterisation of partial Pythium aphanidvnnatum 
cytochrome b gene sequence. P. aphanidcrniatum is the causal agent of damping off. 

Infected leaf material (turf) was collected from the field and the fungal material 
removed and subcultured on artificial media. Cultures were stored in liquid nitrogen until 

5 required. Material was removed from storage onto agar and resulting colonies bulked up in 
shake flask culture and kept at -80°C until needed. A genomic DNA preparation was carried 
out as described in Example 1 on 200mg of ground mycelia. The genomic DNA yield was 
analysed by gel electrophoresis and stocks were diluted 1:10 and 1 : 100 in ddH 2 0. 10u;l of 
each dilution was used as template for PCR amplification using primers PLAS 1 7F and 

0 PLAS 1 5R (details in Example ! ). PCR components and conditions were are described in 

Example 1. The PCR products were analysed by gel electrophoresis and a band of the correct 
size was found (~500bp). This PCR product was cloned in TA Invitrogen pCR2. 1 vector and 
5 clones containing correct size inserts were sequenced as described before. When the 
sequencing data was analysed using the relevant bioinformatics software, the PCR fragment 

5 was found to encode a novel cytochrome b gene sequence which showed close homology to 
other oomycete sequences. A 61 nucleotide tract encoding 30 bases upstream and 30 bases 
downstream of the second base of the G m codon (according to the S.cerevisiae amino acid 
numbering system) can be found in Table 3. 
EXAMPLE 18 

0 In example 18 we report the characterisation of partial Mycosphaerclla musicola 

cytochrome b gene sequence. M. musicola is the causal agent of yellow sigatoka disease on 



Infected banana leaves were collected from the field and ascospores inoculated from 
leaves directly onto artificial media in a petn dish. Monoascosporic isolates were maintained 
on artificial media and prepared for PCR analysis by shake flask culture in a broth medium. 
Mycelia were collected through Miracloth and ground to a fine powder using an acid washed 
sterile pestle and mortar. IOOmg of ground mycelia were used in a genomic DNA extraction 
and in a first strand cDNA synthesis (as described in Example 7). The genomic DNA was 
diluted 1:10. 1:100 and 1:1000 in ddlLO prior to use as PCR template. 5u1 of cDNA and 
I Qui of each genomic dilution were used as template for PCR amplification using the 
degenerate primer pair F4/R3 (as described in Example 3). The PCR conditions and 
components were as described in previous Examples. I pan gel electrophoresis analysis of 



banana. 
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the PCR products, an expected size band (~500bp) was found when both the genomic DNA 

and cDNA was used as template. The two PCR products were cloned in the pCR2.1 TA 
vector and 5 resulting clones with the correct size inserts (~500bp) were sequenced using the 

M13 forward and reverse primers. Upon analysis of the sequence data using the relevant 
bioinformaiics software, it was found that the PCR fragments encoded a novel cytochrome b 
gene sequence with close homology to other ascomycete cytochrome b gene sequences. A 61 
nucleotide tract encoding 30 bases upstream and 30 bases downstream of the second base of 
the G| 4 ^ codon (according to the amino acid numbering system) can be found in Table 3. 
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CLAIMS 



A method lor detecting a mutation in fungal nucleic acid wherein the presence of said 
mutation gives rise to fungal resistance to a strobilunn analogue or anv other 



nucleotide polymorphism detection technique. 

A method for detecting a mutation in fungal nucleic acid wherein the presence of said 
mutation gives rise to fungal resistance to a strobilunn analogue or anv other 
compound in the same cross resistance group said method comprising detecting the 
presence of an amplicon generated during a VCR reaction wherein said PCR reaction 
comprises contacting a test sample comprising fungal nucleic acid with a diagnostic 
primer in the presence of appropriate nucleotide triphosphates and an agent for 
polymerisation wherein the detection of said amplicon is directly related to the 
presence or absence of said mutation in said nucleic acid. 

A method for detecting a mutation in fungal nucleic acid wherein the presence of said 
mutation gives rise to fungal resistance to a strobilunn analogue or any other 
compound in the same cross resistance group which method comprises contacting a 
test sample comprising fungal nucleic acid with an appropnate diagnostic primer in 
the presence of appropriate nucleotide triphosphates and an agent for polymerisation, 
such that the diagnostic primer is extended either when the said mutation is present in 
the sample or when wild type sequence is present; and detecting the presence or 
absence of the said mutation by reference to the presence or absence of a diagnostic 
primer extension product. 

A method for detecting a imitation in fungal nucleic acid according to claim 2 
wherein said method comprises contacting a test sample comprising fungal nucleic 
acid with a diagnostic primer for the specific mutation in the presence of appropriate 
nucleotide triphosphates and an agent for polymerisation, such that the diagnostic 
primer is extended when the said mutation is present in the sample; and detecting the 
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compound in the same cross resistance group said method comprising identifying the 
presence or absence of said mutation in fungal nucleic acid using any (or a) single 
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presence or absence of the said mutation by reference to the presence or absence of a 
diagnostic pnmer extension product. 

5. A method according to any of the preceding claims wherein the mutation is present in 
5 a fungal cytochrome b gene where said mutation results in the inhibition of a 

strobilunn analogue or any other compound in the same cross resistance group to the 
active site of the cytochrome b protein but still allows the respiration process to 
occur. 

10 6. A method according to the previous claim wherein the mutation in the fungal nucleic 
acid results in the replacement of a glycine residue at the position corresponding to S. 
cerevisiae cytochrome b residue 143 in the encoded protein with an ammo acid 
selected from the group arginine. serine, cysteine, valine, aspartic acid and alanine. 

15 7. A method according to any of the preceding claims wherein the mutation in the 
fungal nucleic acid results in the replacement of a glycine residue at the position 
corresponding to S. cerevisiae cytochrome b residue 143 in the encoded protein with 
an alanine. 

20 8 A method according to claim 2 for the detection of a mutation in a fungal cytochrome 
b gene resulting in a G i4 ^A replacement in the encoded protein wherein said mutation 
gives rise to fungal resistance to a strobilurin analogue or any other compound in the 
same cross resistance group said method comprising detecting the presence of an 
amplicon generated during a PCR reaction wherein said PCR reaction comprises 

25 contacting a test sample comprising fungal nucleic acid with a primer in the presence 

of appropriate nucleotide triphosphates and an agent for polymerisation wherein the 
detection of said amplicon is directly related to presence or absence of said mutation 
in said nucleic acid. 



30 9. 



A method according to claim 3 for the detection of a mutation m a fungal cytochrome 
h gene resulting in a G M ^A replacement in the encoded protein said method 
comprising contacting a test sample comprising fungal nucleic acid with a diagnostic 
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primer for the mutation resulting in a G m A replacement in the encoded protein in the 
presence of appropriate nucleotide triphosphates and an agent for polymerisation, 
such that the diagnostic primer is extended when a mutation is present in the sample 
resulting in a G i4 yA replacement in the encoded protein; and detecting the presence or 
absence of the said mutation by reference to the presence or absence of a diagnostic 
primer extension product. 
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A method according to any of the preceding claims wherein the fungal gene is present 
in a plant pathogenic fungus selected from the group consisting of Plasnwpara 
viticola, Erysiphe graminisf.sp. intici/Iiordei, Rhynchosporhan secalis, Pyrenophora 
teres. Mycosphacrella graminicola, Venmria inaequalis, MycosphaereHa jijiensis 
var. difjormis. Sphaerotheca fuligmea. Uncinula necator, Culletotrichum 
graminicola, Pythium aphanidennatum, Colleioirichum gloeosporiodes. Oidium 
lycopersicum, Magnaporihe grisea, Phyiophthora infestans, Leveillula taunca, 
Psuedoperonospora cubensis, Alternaria solum, Rhizoctonia solani, Mycosphacrella 
musicola and Cercospora arachidola. 

A method for detecting fungal resistance to a strobilunn analogue or any other 
compound in the same cross resistance group said method comprising identifying the 
presence or absence of a mutation in fungal nucleic acid wherein the presence of said 
mutation gives rise to resistance to a strobilunn analogue or any other compound in 
the same cross resistance group said method comprising identifying the presence or 
absence of a single nucleotide polymorphism occurring at a position corresponding to 
one or more of the bases in the triplet coding for the amino acid at the position 
corresponding to S. cerevisiae cytochrome b residue 143 in the cytochrome b protein. 

A method according to claim 1 1 wherein the said single nucleotide polymorphism 
occurs at a position corresponding to the second base in the triplet coding for the 
amino acid at the position corresponding to S. c erevisiae cytochrome b residue 143. 
30 

13. A method according to any of the preceding claims wherein the single nucleotide 
polymorphism which is detected is a G to C base change occurring at a position 
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corresponding to the second base in the triplet coding for the amino acid at the 
position corresponding to S. ccrevisiac cytochrome b residue 143 in the cytochrome b 
protein. 



5 14. A fungal DNA sequence encoding all or part of a cytochrome b protein wherein said 
DN A sequence encodes a glycine residue at the position corresponding to S. 
cercvisiae cytochrome b residue 143 and is obtainable from a fungus sleeted from the 
group consisting of Plasmopara viticola, Erysiphc graminis f.sp. mrici/hordei, 
Rhynchosporium secalis, Pyretwphora teres, Mycosphaerella graminicola, , 
10 Mycosphaerella fijivnsis var. difformis, Sphacrothcca fuliginea. Uncinula necator, 

Colletotrichum grammicola, Pyihium aphanidennatum, CoUeiotrichum 
gloeosporioides, Oidium lycopersicum, LeveiUula taurica, Pseudoperonospora 
cubensis, Alternaria solum. Rhizocnmia solum', Mycosphaerella musicola and 
Cercospora arachidola. 

15 

15. A fungal DNA sequence according to claim 14 comprising all or part of a DNA 

sequence selected from the group SEQ ID NO 1; SEQ ID NO 2, SEQ ID NO 3, SEQ 
ID NO 4, SEQ ID NO 5, SEQ ID NO 6, SEQ ID NO 7, SEQ ID NO 8, SEQ ID NO 9, 
SEQ ID NO 10, SEQ ID NO 11, SEQ ID NO 12, SEQ ID NO 13, SEQ ID NO 14, 
20 SEQ ID NO 15, SEQ ID NO 16, SEQ ID NO 17, SEQ ID NO 18, SEQ ID NO 19, 

SEQ ID NO 20 and SEQ ID NO 2 1 

16. A fungal DNA sequence encoding all or part of a cytochrome b protein which, when 
said sequence is lined up against the corresponding wild type DNA sequence 

25 encoding a cytochrome b protein, is seen to contain a single nucleotide polymorphism 

mutation at a position in the DNA corresponding to one or more of the bases in the 
triplet coding for the amino acid at the position corresponding to 5. cerevisiae 
cytochrome b residue 143 in the protein which results in the replacement of the 
normal glycine residue with an alternative amino acid with the proviso that said DNA 

30 sequence is not the Mycena galopoda sequence encoding cytochrome b. 
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17. A fungal DNA sequence according to claim 16 wherein said single nucleotide 

polymorphism mutaiion occurs at a position corresponding to the second base in the 
triplet coding for the amino acid at the position corresponding to S. cerevisiae 
cytochrome b residue 143 in the protein which results in the replacement of the 
5 normal glycine residue with an alternative amino acid with the proviso that said DNA 

sequence is not the Mycena galopoda sequence encoding cytochrome b. 

1 8. A fungal DNA sequence encoding all or part of a cytochrome b protein wherein said 
DNA sequence encodes an alanine residue at the position corresponding to S. 
10 cerevisiae cytochrome b residue 143 and is obtainable from a fungus sleeted from 

the group consisting of Plasmopara viticola, Erysiphe graminis f.sp. iritici/hordei, 
Rhynchosponum secaiis. Pyrenophora teres, Mycosphaerella graminicola, Ventuna 
inaeaualis, Mycosphaerella fijiensis var. difformis, Sphaerolheca fuliginea, Uncinula 
necator. Colletotrichum grammicola, Pythium aphanidennaium, Collciotrichum 



1 5 gloeosporioides, Oidium lycopersicum, Magnaporthe grisea, Phytophthora infestans, 

Leveillula laurica, Pseudoperonospora cubensis, Ahernaria solani, Rhizoctonia 
solani, Mycosphaerella musicola and Cercospora arachidola. 

19 A fungal DNA sequence encoding all or part of a cytochrome b protein according to 
20 claim 18 wherein said DNA sequence contains a single nucleotide polymorphism 



which results in the replacement of the normal guanine reside with a cytosine residue 
at a position corresponding to the second base in the triplet coding for the amino acid 
at the position corresponding to S. cerevisiae cytochrome b residue 143 in the protein 
with the proviso that said DNA sequence is not the Mycena galopoda sequence 
25 encoding cytochrome b. 

20. A fungal DNA sequence according to any oi claims 16 to 19 comprising ail or part of 
a sequence selected from the group SEQ ID NO 176; SKQ ID NO 177, SEQ ID NO 
178, SEQ ID NO 179, SEQ ID NO 180, SKQ ID NO 181, SEQ ID NO 182, SEQ ID 
30 NO 183, SEQ ID NO 184, SEQ ID NO 185, SEQ ID NO 186, SEQ ID NO 187, SEQ 

ID NO 188, SEQ ID NO 189, SEQ ID NO 190, SEQ ID NO 191, SEQ ID NO 192, 
SEQ ID NO 193, SEQ ID NO 194, SEQ ID NO 1 95 and SEQ ID NO 196. 
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21 . A fungal cytochrome 6 protein which confers fungal resistance to a strobilunn 
analogue or a compound within the same cross resistance group wherein in said 
protein a normal glycine residue is altered due to the presence of a mutation in the 
5 DNA coding for said protein said mutation occurring at a position corresponding to 

one or more of the bases in the triplet coding for the amino acid at the position 
corresponding to S. cerevisiae cytochrome b residue 143 in the protein with the 
proviso that protein is not (he Myccna galopoda cytochrome b protein. 

10 22. A fungal cytochrome b protein according to claim 21 wherein in said protein a 

normal glycine residue is altered due to the presence of a mutation in the DNA coding 
for said protein said mutation occurring at a position corresponding to the second 
base in the triplet coding for the amino acid at the position corresponding to S. 
cerevisiae cytochrome b residue 143 in the protein with the proviso that protein is not 



1 5 the Mycena galopoda cytochrome b protein. 

23. A method for the detection of a mutation in fungal cytochrome b gene resulting in the 
replacement of a glycine residue in the encoded protein at the position corresponding 
to S. cerevisiae cytochrome b residue 143 said method comprising identifying the 
20 presence and absence of said mutation in a sample of fungal nucleic acid wherein any 



(or a) single nucleotide polymorphism detection method is based on the sequence 
information from around 30 to 90 nucleotides upstream and/or downstream of the 
position corresponding to one or more of the bases in the triplet coding for the amino 
acid at the position corresponding to S. cerevisiae cytochrome b residue 143 in either 
25 the wild type or mutant protein. 

24. A method according to claim 23 wherein any (or a) single nucleotide polymorphism 
detection method is based on the sequence information from around 30 to 90 
nucleotides upstream and/or downstream of the position corresponding to the second 
30 base in the triplet coding for the amino acid at the position corresponding to 5. 

cerevisiae cytochrome b residue 143 in cither the wild type or mutant protein. 
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25. An allele specific oligonucleotide capable of binding to a fungal nucleic acid 
sequence encoding a wild type cytochrome b protein selected from the group 
consisting of Plasmopara viticola, Erysiphe graminis f.sp. triuci/iiordei, 

5 Rhynchosporium secalis, Pyrenophora teres, Mycosphaerella gramiiucola, 

Mvcosphaerella fijiensis var. difformis, Sphaerotheca fuliginea, Uncinula necator, 
Colletotrichum grammicola, Pythium aphanidennatum, CoHeiorrichum 
gloeosporioides, Oidium lycopersicum, Leveillula taunca, Pseudoperonospora 
cubensis, AUernana soIanL Rhizoctonia solani, Mycosphaerella musicola and 

10 Cercospora arachidola wherein said oligonucleotide comprises a sequence which 

recognises a nucelic acid sequence encoding a glycine residue at the position 
corresponding to S. cerevisiae cytochrome b residue 143 . 

26. An allele specific oligonucleotide capable of binding to a fungal nucleic acid 
15 sequence encoding a mutant cytochrome b protein wherein said oligonucleotide 

comprises a sequence which recognises a nucleic acid sequence encoding an amino 
acid selected from the group arginine, serine, cysteine, valine, aspartic acid, glutamic 
acid, tryptophan, or alanine.at the position corresponding to S. cerevisiae cytochrome 
b residue 143 . 

20 

27. A diagnostic primer or a diagnostic oligonucleotide capable of binding to a template 
comprising a mutant type fungal cytochrome b nucleotide sequence wherein the final 
3' nucleotide of the primer or oligonucleotide corresponds to a nucleotide present in 
said mutant form of a fungal cytochrome b gene and the presence of said nucleotide 

25 gives rise to fungal resistance to a strobilurin analogue or any other compound in the 

same cross resistance group. 



30 



A diagnostic primer according to claim 27 wherein either the penultimate nucleotides 
(-2) or (-3) of the primer is not the same as that present in the corresponding position 
in the wild type cytochrome b sequence. 
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29. One or more diagnostic primers for detecting a Gi^A mutation in a fungal 
cytochrome b gene selected from the group consisting of SEQ ID NO 22, SEQ ID NO 
23, SEQ ID NO 24, SEQ ID NO 25, SEQ ID NO 26, SEQ ID NO 27, SEQ ID NO 28, 
SEQ ID NO 29, SEQ ID NO 30, SEQ ID NO 31, SEQ ID NO 32, SEQ ID NO 33, 

5 SEQ ID NO 34, SEQ ID NO 35, SEQ ID NO 36, SEQ ID NO 37, SEQ ID NO 38, 

SEQ ID N039, SEQ ID NO 40, SEQ ID N041 and SEQ ID NO 42 
and derivatives thereof wherein the final nucleotide ai the 3' end is identical to the 
sequences given above and wherein up to 10. such as up to 8, 6, 4, 2. 1, of the 
remaining nucleotides may be varied without significantly affecting the properties of 

10 the diagnostic primer. 

30. An allele specific oligonucleotide probe capable of detecting a fungal cytochrome b 
gene polymorphism at a position in the DNA corresponding to one or more of the 
bases in the triplet coding for the amino acid at the position corresponding to S. 

15 cerevisiae cytochrome b residue 143 in the protein. 

31. An allele specific oligonucleotide probe according to claim 30 wherein said 
polymorphism is at a position in the DNA corresponding to the second base in the 
triplet coding for the amino acid at the position corresponding to S. cerevisiae 

20 cytochrome b residue 143 in the protein. 

32. An allele specific oligonucleotide probe according to claim 31 wherein the 
polymorphism is a guanine to cytosine base change. 

25 33. A diagnostic kit comprising one or more of the diagnostic primers as claimed in 

claims 27 to 29, or an allele specific oligonucleotide as claimed in claims 25 or 26 or 
an allele specific oligonucleotide probe as claimed in claim 30 to 32, nucleotide 
triphosphates, polymerase, and buffer solution. 



30 34. 



A method of detecting plant pathogenic fungal resistance to a fungicide said method 
comprising detecting a mutation in a fungal gene wherein the presence of said 
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mutation gives rise to resistance to a fungicide whose target protein is encoded by a 
mitochondrial gene using any (or a ) single nucleotide polymorphism technique. 
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35. A method of detecting plant pathogenic fungal resistance to a fungicide said method 
5 comprising detecting the presence of an amplicon generated during a PCR reaction 

wherein said PCR reaction comprises contacting a test sample comprising fungal 
nucleic acid with a primer in the presence of appropriate nucleotide triphosphates and 
an agent for polymerisation wherein the detection of said amplicon is directly related 
to presence or absence of a mutation in said nucleic acid wherein the presence of said 
10 mutation gives rise to resistance to a fungicide whose target protein is encoded by a 

mitochondria] gene. 

36. A method of detecting plant pathogenic fungal resistance to a fungicide according to 
claim 34 or claim 35 said method comprising contacting a test sample comprising 

1 5 fungal nucleic acid with a diagnostic primer for a specific mutation the presence of 

which gives rise to fungicide resistance in the presence of appropriate nucleotide 
triphosphates and an agent for polymerisation, such that the diagnostic primer is 
extended when the said mutation is present in the sample; and detecting the presence 
or absence of the said mutation by reference to the presence or absence of a 

20 diagnostic primer extension product. 

37. A method of detecting and quantifying the frequency of a mutation giving rise to 
plant pathogenic fungal resistance to a fungicide whose target protein is encoded by a 
mitochondrial gene said method comprising detecting the presence or absence of a 

25 mutation in a fungal gene wherein the presence of said mutation gives rise to fungal 

resistance to a strobilurin analogue or any other compound in the same cross 
resistance group said method comprising identifying and quantifying the presence or 
absence of said mutation in fungal nucleic acid using any (or a J single nucleotide 
polymorphism detection technique. 

30 

38. A method according to claim 37 said method comprising detecting the presence of an 
amplicon generated during a PCR reaction wherein said PCR reaction comprises 
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contacting a test sample comprising fungal nucleic acid with appropriate primers in 
the presence of appropriate nucleotide triphosphates and an agent for polymerisation 
wherein the detection of said amplicon is directly related to both the presence and 
absence of a mutation in said nucleic acid wherein the presence of said mutation 
gives rise to resistance to a fungicide whose target protein is encoded by a 
mitochondrial gene, and detecting and quantifying the relative presence and absence 
of the said mutation by reference to the presence or absence of an amplicon generated 
during the PCR reaction. 

A method according to claim 37 or claim 38 comprising contacting a test sample 
comprising fungal nucleic acid with diagnostic primers to detect both the presence 
and absence of a specific mutation in said nucleic acid the presence of which gives 
rise to fungicide resistance to a fungicide whose target protein is encoded by a 
mitochondrial gene, in the presence of appropriate nucleotide triphosphates and an 
agent for polymerisation, such that the diagnostic primers relating to the absence and 
the presence of the specific mutation are extended when the appropriate fungal 
template is present in the sample; and detecting and quantifying the relative presence 
and absence of the said mutation by reference to the presence or absence of diagnostic 
primer extension products. 

A method of selecting an active fungicide and optimal application levels thereof for 
application to a crop comprising analysing a sample of a fungus capable of infecting 
said crop and detecting and/or quantifying the presence and/or absence of a mutation 
in a gene from said fungus wherein the presence of said mutation may give rise to 
resistance to a fungicide whose target protein is encoded by a mitochondrial gene and 
then selecting an active fungicide and optimal application levels thereof. 

A method according to claim 40 wherein the detection method uses any (or a) single 
nucleotide polymorphism detection technique. 

A method according to claim 40 or claim 41 wherein the detection method comprises 
contacting a test sample comprising fungal nucleic acid with a diagnostic primer for 
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the specific mutation in the presence of appropriate nucleotide triphosphates and an 
agent for polymerisation, such that the diagnostic primer is extended when the said 
mutation is present in the sample; and detecting the presence or absence of the said 
mutation by reference to the presence or absence of a diagnostic primer extension 
product. 

A method of controlling fungal infection of a crop comprising applying a fungicide 
to the crop wherein said fungicide is selected according to any of claims 40 to 42. 

A method according to any of claims 34 to 43 wherein the fungicide is a strobilurin 
analogue or any other compound in the same cross resistance group. 

A method for detecting fungal resistance to a strobilunn analogue or any other 
compound in the same cross resistance group said method comprising identifying the 
presence or absence of a mutaiion in fungal nucleic acid wherein the presence of said 
mutation gives rise to resistance to a strobilurin analogue or any other compound in 
the same cross resistance group said method comprising identifying the presence or 
absence of a single nucleotide polymorphism occurring at a position in the DNA 
corresponding to one or more of the bases in the triplet coding for the ammo acid at 
the position corresponding to S. cerevisiac cytochrome b residue 143 in the 
cytochrome b protein. 

A method for detecting fungal resistance to a strobilurin analogue according to claim 
45 said method comprising identifying the presence or absence of a single nucleotide 
polymorphism occurring at a position in the DNA corresponding to the second base 
in the triplet coding for the amino acid at the position corresponding to S. cerevisiac 
cytochrome b residue 143 in the cytochrome b protein. 

A method according to any of the preceding claims wherein the method of detection 
and/or quantifying is based on fluorescence detection of diagnostic primer extension 
products. 
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48. A method according to any of the preceding claims wherein the method of detection 
involves the use of the Scorpion™ detection system. 

49. A method according to any of claims 34 to 48 wherein said mutation occurs at a 
position in the DNA corresponding to the second base in the triplet cod.ng for the 
amino acid at the position corresponding to S. cerevisiae cytochrome b residue 143 
in the cytochrome b protein. 

50. A method according to any of claims 34 to 49 wherein the said mutation is a guanine 
to cytosine change resulting in a GI43A replacement in the encoded protein where a 
wild type glycine residue is substituted with an alanine residue at the position 
corresponding to 5. cerevisiae cytochrome b residue 143. 

51. A computer readable medium having stored thereon any of the sequences in any of 
the previous claims including all or pan of a DNA sequence or protein sequence 
encoding a mutant cytochrome b protein as herein described wherein the presence of 
a mutation gives rise to fungal resistance to a strobilurin analogue or any compound 
in the same cross resistance group: all or pan of a DNA or protein sequence encoding 
a wild type cytochrome b sequence from a fungus selected from the group 
Plasmopara viricola. Erysiphe graminis f.sp. trinculiordei, Rhwchosporium secahs. 
Pvrenoplwra teres, Mycosphaerella graminicola, Venluria inaequalis, 
Mycosphaerella fijiensis var. Jiffonms. Sphaerothecafuliginea, Uncinula necator, 
Colletotrichum graminicola. Pytluum aphanidcrmatum, Collewtrichum 
gloeosporwides, Oidtum lycopersicum. Magnaporthe grisea .Phytophthora infestans. 
Leveillula taurica, Pseudoperonospora cubensis, Ahemaria solani, Rhizoctonia 
solani. Mycosphaerella musicola and Cercospora arachidola. or any allele specific 
oligonucleotide; allele specific primer, allele specific oligonucleotide probe, common 
or diagnostic primer according to any of the preceding claims.. 

52. A diagnostic kit for use in a method according to any of claims I to 13, 21 or 34 to 

50. 
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53. A diagnostic kn according }o claim 52 comprising one or more of the following: 

diagnostic, wild type, control and/or common oligonucleotide primers, allele specific 
oligonucleotide probes, appropriate nucleotide triphosphates, for example dATP, 
5 dCTP, dGTP, dTTP, a suitable polymerase, and a buffer solution. 
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SEQUENCE LISTING 



<110> Zeneca Ltd. 

Little, Stephen 
Whit combe , David M 
Theaker, Jane 
Gibson, Neil J 
Stanger, Carole P 
Renwxck, Annabel 
Heaney, Stephen P 
Windass, John D 

<120> Methods 

<130> P50396 

<150> C3 9910100. S 
<151> 1999-04-30 

<150> G3 0006004.6 
<15i> 2000-03-13 

<150> G3 0007901.2 
<1S1> 2000-03-31 

<160> 196 

<170> Patentln Ver. 2.1 

<210> 1 

<211> 6 1 

v212> DNA 

«213> V Uu-.rr.opara viticola 

< 4 0 0 > 1 



g gggacaaatq agtttttggg gtgcaaoagt tattacaaat ttattctcgg 60 



c 



61 



t 
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<210> 2 
<211> 61 
<212> DNA 

<213> Erysiphe gramims f.sp. tr it ici/hordei 



<400> 2 

tattgccata cgggcagatg agccactggg gtgcaaccgt tatcactaac ctaatgagcg 60 
c 61 



<2 10> 3 

<2 11> 61 

<2 12> DNA 

<2 13> Rp.y nchospor iux secalis 



<400> 3 

tgcttcctta tggacagatg tctttatgag gtgccacagt tataactaat cttacgagtg 60 
c 61 



<210> 4 
<2 1 1> 61 
<2 12> DNA 

<213> Pyrenophora teres 



<400> 4 

ttttacccta cgggcaaatg agcctttgag gtgctacagt tattactaac cttatgagtg 60 
c 61 



<210> S 

<211> 61 
<2 12> DNA 

<213> Pyrenophora teres 



<400> 5 

ttttacccta cgggcaaatg agcctttgag qtgaaatatt tgcctcaaat gtataactaa 60 
t 61 
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<210> 6 

<211> 61 

<212> DNA 

<213> Mycosphaerel la graminicola 

<400> 6 

tattacctta tggtcaaatg tctttatgag gagcaacagt tataactaac ttattgagtg 60 
c 61 

<210> 7 
<21i > 61 
<2 12 > DNA 

<213> Mycosphaerella fijiensis 
<4C0> 7 

ttttacctta tggtcaaatg tctttatgag gagctacagt tataactaat ttaatgagcg 60 
c 61 

<I10> 8 
<211> 61 
<212> DNA 

<213> Sphaerotheca fuliginea 
<400> 8 

tacttccctt cggtcaaatg tcgctctggg gtgcaaccgt tattactaac cttatgagcg 60 
c 61 

<210> 9 
<211> 37 
<2 1 2 > DNA 

<213> Spnaerot heca fuliginea 



<400> 9 

tctggggtgc aaccgttaag taatagcggt tgtaaaa 



t 
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<210> 10 
<211> 61 
<212> DNA 

<213> Uncinula necator 
<400> 10 

ttttacccta cgggcagatg agcctatggg gtgcaaccgt tattactaac ctcatgagcg 60 
c 61 



< 2 1 0 > 11 
< 2 1 1 > 4 1 
<212> DNA 

<213> Uncmula necator 
<400> 11 

agcctatggg gtgcaaccgt taagtaggta atagcggttg a 41 



<210> 12 
<211> 61 
<212> DNA 

<213> Coi let otr ichum gramin icola 
<400> 12 

ttttacctta cggacaaatg tcattatgag gtgctacagt tattactaac cttataagtg 60 
c 61 



<210> 13 

<211> 61 

<2 12> DNA 

<213> Pythiurr. a[;:.a:;ide::r,aturT , l 



<400> 13 

tattaccttg gggtcaaatg agtttttggg gtgctacagt tattactaat ttattttcag 60 
c 61 



f 
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<210> 14 

<211> 61 

<212> DNA 

<213> Col letotrichum gloeosporioides 



PCT/G B00/0 1 620 



<400> 14 

ttttacctta tggacaaatg tcattatgag gtgcaacagt tattactaac cttataagtg 60 
c 61 



<210> 15 
<211> 61 
<212> DNA 



<400> 15 

ttttacccta cgggcagatg agcctgtggg gtgcaaccgt ta::actaac cttatgagcg 60 
c 61 



<21C> 16 
<211> 61 
<:212> DNA 

< 2 1 3 > Leveillula taurica 
<400> 16 

ttttaccata cggacaaatg tcattatgag gtgcaacagt tattactaac cttatgagtg 60 
c 61 



<210> 17 

<2i:> 6i 

<:212:> DNA 

«".2 1J> Pi3e'jcicr:'_»t"CP.o5pcra cuhensis 

<:400> 17 

ttttaccttg ggqacaaatg agtttttggg gtgcaactct tattactaat ttattttctg 60 
c 61 



t 
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<210> 16 

<211> 61 

<212> DNA 

<213> Alternana solani 

<400> 18 

ttcttcctta tgggcaaatg tctttatgag gtgctacagt tattactaac cttatgagtg 60 

c 61 

<210> 19 
<211> 61 
<212> DNA 

<213> Cercospora arachidola 
<400> 19 

tattacctta tggacaaatg tcattatgag gagctacagt tattactaat ttatcatctg 60 



<210> 20 
<211> 61 
<212> DNA 

< 2 1 3 > Rhizoctonia solani 
<4C0> 20 

tgcttccata cgggcaaatg tctctgtggg gtgctacagt aattactaat :tacr:tctg 60 
c 61 

<210> 21 
<211> 6 1 
<212> DNA 

<400> 21 

ttttacct:a tggtcaaatg tcattatgag gagctacagt tataactaat ttaatgagtg 60 
c 61 



c 



61 



t 
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<210> 22 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 22 

ccttggtqac aaatgagttt ttggac 26 



<210> 23 
< 2 i 1 > 2 6 
<:i2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 23 

ccatacgggc agatgagcca ctggac 26 



<210> 24 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 24 

ccttatooar aqatntcttt ataatc 
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<210> 25 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 25 

ccctacgggc aaatgagcct ttgcgc 26 

<210> 26 
<211> 26 
< 2 I 2 > DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<210> 27 

<: : i> 26 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 26 



ccttatggtc aaatgtcttt atgaac 



26 



<400> 27 



t 
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<210> 28 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 28 

cccttcggtc aaatgtcgct ctggac 26 

<210> 29 
<211> 2 6 
<2 12> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<210> 30 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<- 4 0 0 > 3 Z 

cct tacgga - a.\CiZ ct ~a\: atgaa: 



<400> 29 



ccctacgggc agatgagcct atggtc 



26 



t 



WO 00/66773 
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<210> 31 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 31 

ccttggtgtc aaatgagttt ttggac 26 



<210> 32 
< 2 1 1 > 2 6 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 32 

ccttatggac aaatgtcatt atgaac 26 



<210> 33 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 3 3 



t 



WO 00/66773 



11 




PCT/G BOO/0 1620 



<210> 34 

<211> 26 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 34 

ccatiacgciac aaatgtcatt atgaac 2 6 

<;210> 35 

<' ?"..".> 

<:2 12> DNA 

<213> Artificial Sequence 
<22 0> 

<:22 3> Description of Artificial Sequence: Primer 

<400> 3S 

ccttggggac aaatgagttt ttggac 26 

<210> 36 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<- 4 G 0 > 3 6 



CL'ttaty g g e aaatgtcttt atgaac 



t 




PCT/G BOO/0 1620 



<210> 37 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 37 

ccttatgqac aaatgtcatt atgaac 26 



<21C> ?S 
<2 1 1 > 2 £ 
<2 12> ENA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<40C> 38 

ccatacgggc aaatgtctct gtggac 26 



<210> 39 
<2il> 26 
<2 12> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 



t 




WO 00/66773 



13 
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<210> 40 
<211> 26 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 40 

ccttatggac agatgtcatt atgaac 26 
<210> 41 



<:2 12> DNA 

<213> Artificial Sequence 
<22C> 

<223> Description of Artificial Sequence: Primer 
<400> 41 

ccttggggac aaatgagttt ttggac 26 

<210> 42 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 4 2 



c c 1 1 a t g 't t 



cttt 



atgat c 



26 



t 



WO 00/66773 
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<210> 43 
<211> 2 6 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 43 

ccttggtgac aaatgagttt ttggag 2 6 

<210> 44 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<210> 45 
<211> 26 
<2I2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<4C0> 45 



<220> 



<223> Description of Artificial Sequence: Primer 



<400> 44 



ccatacgggc agatgagcca ctggag 



26 



ccttatgqac aqatgtcttt at gate; 



2b 



t 




WO 00/66773 



15 



t 



PCT/G BOO/0 1620 



<210> 46 

<211> 26 

<212> DNA 

<213> Arcif lcial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 46 

ccctacgggc aaatgagcct ttgaag 26 

<210> 47 
<212> DNA 

<113> Artificial Sequence 
<220> 

<223> Description cf Artificial Sequence: Primer 
<400> 47 

ccttatggrc aaatgtcttt atgaag 26 

<210> 4S 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<4C0> 4 2 
c c 1 1 a t g r; n c 



tt a*:gat:q 



2 b 



t 



WO 00/66773 M PCT/G BOO/0 1 620 



t 



<210> 49 
<211> 26 
<2 12> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 49 

cccttcggtc aaatgtcgct ctggag 26 



..:::o> so 

• 2 1 1 ~> 2 6 

•:2 12> DNA 

«..2I3> Artificial Sequence 
•'220> 

<223> Description of Artificial Sequence: Primer 

«:400> 50 

ccctacgggc agatgagcct atggtg 26 



<210> 51 
<211> 26 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 51 

crttacggac aaatqtcatt atgaag 



t 



WO 00/66773 
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<210> 52 

<211> 26 

•:212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<40C> 52 

ccttggtgtc aaatgagttt ttggag 26 

•:210> 53 
OI2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 53 

ccttatggac aaatgtcatt atgaag 26 

<210> 54 
<211> 26 
<212> DNA 

< 2 1 3 > Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 54 



cert aeggge 



"jggc ag.i tqaqret atgaag 



t 




WO 00/66773 
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<210> 55 
<211> 26 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 55 

ccatacggac aaatgtcatt atgaag 26 



<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 56 

ccttggggac aaatgagttt ttggag 26 

<210> 57 
<211> 26 
<2i2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<210> 



56 



<4C0> 57 



aaar. -;tctt t 



a t g a a a 



2 t 



t • 



WO 00/66773 
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<210> 58 

<211> 26 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 58 

ccttatggac aaatgtcatt atgaag 26 

<210> 59 
<?■!> 2 6 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<210> 60 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<4 00> 60 

g t g t a t gg t c a a a t g 3 g c c t a r, g g a g 



<400> 59 



ccatacgggc aaatgtctct gtggag 



26 



t 



# 



WO 00/66773 




PCT/G B00/0 1620 



<210> 61 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 61 

ccttatggac agatgtcatt atgaag 26 

<210> 62 
<211> 2 6 
<212> DNA 

< 2 1 3 > Artificial Sequence 
<2 20> 

<223> Description of Artificial Sequence: Primer 



<210> 63 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<AC0> 6 3 



<400> 62 



ccttggggac aaatgagttt ttggag 



26 



ccttatgctc aaatgtcttt atgatq 



f 
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<210> 64 
<21 1> 29 
<212> DNA 



<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 64 

gatacctaat ggattatttg aacctacct 

<2I0> 65 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 65 

aacacctaaa ggattaccag atcctgcac 

<210> 66 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 66 

tacacctaaa gaat tiacccg accctqcac 



WO 00/66773 PCT/G BOO/0 1620 



22 



t 



<210> 67 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 67 

ttcaagtaca tccaatttca atatacact 29 



<210> 68 
<^ 1 1 > 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 68 

taacagaaaa tccacctcat acgaattcaa ctatgtcttg 40 



<210> 69 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 69 



a a a c c t c c t c a a a t a a a c t c a a c t a r. a t c 



29 



t 



WO 00/66773 PCT/G BOO/0 1 620 
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<210> 70 
<211> 40 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 70 

taactgagaa accccctcag agaaactcca caatatcttg 40 



<210> 71 
<211> 40 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 71 

ttacagaaaa accacctcaa agaaactcca cgatatcttg 40 



<210> 72 

<211> 40 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 

<400> 12 

taactgagaa acrtcctcaa acqaattcaa caatatcttg 



t 



WO 00/66773 
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<210> 73 
<211> 40 
<2I2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 73 

ctacagcaaa tcccccccat aaccaatcaa caatatcttt 

■:210> 74 
«:211> 40 
<212> DNA 

<2i3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 74 

taacagagaa acctcctcaa acgaattcaa ctatatcttc 

<210> 75 
<2U> 40 
<212> DNA 

<2 13> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 



ttacagaaa^ acctcctcaa a q a a a c t ~ c a coat a r. ctr a 



40 



ff 
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<210> 76 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 76 

ttacagagaa acctcctcaa ataaattcaa ctatatcttg 40 

<210> 77 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<2I0> 78 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<4C0> 7 8 

taacactgaa acczcctcaa. atgaactcaa raatatcttg 



<400> 77 



ctacagcaaa accgccccac aaccaatcaa caatatcttt 



40 



t 



WO 00/66773 
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<210> 79 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 79 

aaacagagaa acctcctcat ataaattcaa ctaaatcttg 40 



<210> 80 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 80 

acacggaaaa gccaccccag attaactcta caaaatcttg 40 



<210> 81 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 81 

a 1 1 g a c 1 1 a a gcctccccac a g a a a 1 1 r q a ctatatcttg 



t 
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<210> 82 
<211> 4 0 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 82 

taacagaaaa accacctcaa atgaattcaa caatatcttg 40 

<210> 83 
<r? 11 > 
<212-> D N A 

<113> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<210> 84 
<211> 40 
<2 12> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 83 



caacagcaaa acctccccat aaccaatcaa caatatcttt. 



40 



<4 0C> 84 
t a a c 3 3 a a 3 3 



ccc.icctcaa ataaattcaa ctatatctta 



40 



0 
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<210> 85 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 85 

gccttgggga caaatgagtt tttg 24 



<210> 86 
^211^ 2 4 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 86 

gccatacggg cagatgagcc actg 24 



<210> 87 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

<223> Description of Artificial Sequence: Primer 
<4 00> 8 7 

tccttataaa casatctctt t a t g 



t 



WO 00/66773 

w 
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<210> 88 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 88 

accctacggg caaatgagcc tttgag 26 



<210> 89 
2 1 1 > 2 6 
<2 12> DNA 

<213> Artificial Sequence 
< 2 2 0 > 

<223> Description of Artificial Sequence: Primer 
<400> 89 

taccttatgg tcaaatgtct ttatga 26 



<210> 90 
<211> 2 9 
<212> DNA 

<213> Artificial Sequence 
<: 2 2 0 > 

<223> Description of Artificial Sequence: Primer 

<:400> 9C 



qtttta 



jtQ.i t. c ci a a z gtcttt. atg 



t 



# 
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<210> 91 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 91 

ttcccttcgg tcaaatgtcg ctctgg 

<210> 92 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 92 

taccctacgg gcagatgagc ctatgg 

<2 10> 93 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<4 00> 9 j 

taccttacgq a c a a a t g t c a 1 1 a t g a 



t 
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<210> 94 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 94 

taccttgggg tcaaatgagt ttttgg 26 

<210> 95 
< 2 1 1 > 2 6 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<210> 96 
<211> 26 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Primer 



<400> 95 



tacct t atgg acaaatgtca ttatga 



26 



<40C> 96 



t 
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<210> 97 
<2il> 26 
<212> DN'A 

< 2 I 3 > Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primei 
<400> 97 

taccatacgg acaaatgtca ttatga 

<210> 98 
<2I1> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 98 

taccttgggg acaaatgagt ttttgg 

<210> 99 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Pri 



t 



WO 00/66773 
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<210> 100 

<211> 2o 

<2 12 > DNA 

<213-> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 100 

taccttatgg acaaatgtca ttatga ?u 

< : i o > : o i 

<112> DNA 

<I13> Artificial Sequence 
<22C> 

<223> Description of Artificial Sequence: Primer 
<4C0.> 101 

ttccataegg gcaaatgtct ctgtgg 26 

<210.> 102 

<2 11> 2 6 

<212> DNA 

<213> Artificial Sequence 
^220> 

<:223> Description of Artificial Sequence: Primer 



WO 00/66773 



34 
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<210> 103 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 103 

taccttatgq acagatqtca ttatqa 26 
<210> 104 



<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequer.ee: Primer 
<400> 104 

taccttgggg acaaatgagt ttttgg 26 

<210> 105 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 105 



tac 



ttjt g a 



t 
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<210> 106 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 106 

tgaacatatt atqagagatg t 21 

<i:0> 107 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 107 

aattgcataa aaaggtaaaa a 21 

<210> 108 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 10S 

aaataac: *o v.i .i.'ittc [ 



f 



^W O 00/66773 fl^k 

# „• 

<210> 109 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 109 

tcttaaaatt gcataaaaag g 



PCT/GBOO/01620 



<;::o> no 



<212> DNA 

<:2 1 3 > Artificial Sequence 



<:220> 

<223> Description of Artificial Sequence: Primer 



<40C> 110 

ccttggtgac aaatgagttt ttgtgg 



26 



<210> 111 

<211> 26 

•:212> DNA 

<213"> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 



t 



<210> 112 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



PCT/G BOO/0 1620 



<400> 112 

cc ttggtgac aaatgagttt ttggcc 



<::o> ii3 
:• : 1 > i f, 

<:112> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 113 

ccttggtgac aaatgagttt ttggac 26 



<210> 114 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 114 



g c c 1 1 g u ') :i i c ,i a . i * - j a ; : \ 1 1 1 y 



t 
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3S 



t 
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<210> 115 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 115 

cccgccgtaa ttgtaggggc tgtactaata cggcggg 37 

<210> 116 
*. 2 1 1 -» 2 9 
<2 12> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 116 

qatacctaat ggattatttg aacctacct 29 

<2i0> 117 
<2il> 34 
<:212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<A00> 117 



t 




WO 00/66773 



39 
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<210> 118 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 118 

ccttggtgac aaatgagttt ttggag 26 



«:210 > 


119 


<:2 1 1 .* 


3 ■I- 


<;2 1 2 > 


DNA 


<213.» 


Artificial 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 119 

cccg::cctgc gatacccgag aataaatggg cggg 34 

<210> 120 
<211> 26 
<212> DNA 

< 2 1 3 > Artificial Sequence 



<2 2 0> 

<223> Description of Artificial Sequence: Primer 



t 



<210> 121 
<2 11> 2 6 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



PCT/GBOO/01620 



^400> 121 

rataaccagt caacaacttc ttttcc 26 



2 1 0 > 12 2 



<2 13 



DNA 

Artificial Seauence 



■:2 2 0> 

:223> Description of Artificial Sequence: Primer 

•:400> 122 

-aacttcacjctttcttct 18 



<2 10> 12 3 

-:211> 18 

<2 12> DNA 

•:213:» Artificial Sequence 

<220> 



<223> Description of Artificial Sequence: Primer 



f 
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<210> 124 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 124 

atgaacaatt ggtacagtaa t 21 



210> 12 5 
7 11 > 2 1 
212 » DNA 

213' Artificial Seauence 



-:220 > 

<223> Description of Artificial Sequence: Primer 
<400* 125 

gttaggtata gatcttaata t 21 



<21C> 126 
<211> 2 6 
<212> DNA 

<213> Artificial Sequence 



< 2 2 0 > 

<223> Description of Artificial Sequence: 



Primer 



f 
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<210> 127 
<2 : 1 > 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 127 

ccatacqggc agatgagcca ctggac 26 
<210> 128 

< : : : > 2 4 

<:.12> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 123 

gcca-acggg cagatgagcc actg 24 

<210> 129 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 129 



t 
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<210> 130 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 130 

aacacctaaa ggattaccag atcctgcac 29 



<210> 131 
<211> 21 
<2I2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<40C> 131 

aggtytrtay tryggdtcwt a 



<210> 132 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 

< 4 0 0 > 13: 

agcdataairw d r aatt I 



f 
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<210> 133 

< 2 1 1 > 2 6 

< 2 1 2 > DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 133 

ccttatggac agatgtcttt atgatg ; D 

<210> 134 

<211> 2 6 

< 2 1 2 > D N'A 

<:2 13> Artificial Sequence 
<220> 

<223> Description cf Artificial Sequence: Primer 

<400> 134 

crttatggac agatgtcttt atgaag 26 

<210> 135 
<211> 2 6 
<212> DNA 

<213> Artificial Sequence 
< 2 2 0 > 

<223> Description of Artificial Sequence: Primer 



< 4 0 0 > 13 5 



t 



•:210> 136 
<211> 2 6 
-.2 12 > DNA 

v213-> Artificial Sequence 
v220> 

<223> Description of Artificial Sequence: Primer 
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<400> 136 

ccttatgqac agatgtcttt atgaac 



1 10:> 137 

: n> 24 

: 2 > dna 

213> Artificial Sequence 
v220> 

-:223> Description of Artificial Sequence: Primer 

<4 00> 137 

tccttatgga cagatgtctt tatg 24 



<210> 138 
<211> 3 7 
<2 12> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

< 4 0 C > 1 3 s 

ccc^rcatar t a q c r q r a 1 1 aot at t aat q cqqrqqq 



t 



<210> 139 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 139 

tacacctaaa ggattacctg accctgcac 
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<210> 140 
<211> 21 
<2 12 > DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<40Q> 140 

cttacatctg taataqgtaa t 21 



<210> 141 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<40C> 



0 
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<210> 142 
<211> 26 
< 2 1 2 > DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 142 

ccctacgggc aaatgagcct ttgaag 26 

<210 > 143 
<211 > 2 6 
<2 12 > DNA 

<213> Artificial Sequence 
<220> 

<223> Description cf Artificial Sequence: Primer 
<400> 143 

ccctacgggc aaatgagcct ttgatc 26 

<210> 144 
<211> 2 4 
<2 12> DNA 

<213> Artificial Sequence 
<220> 

<223:> Description of Artificial Sequence: Primer 



<4CC^ 14-; 



t 
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<210> 145 
< 2 1 1 > 29 
<212> DNA 

< 2 1 3 > Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 145 

tacacctaaa ggatttcctg accctgcaa 29 

<210> 146 

•:2U> 21 

•:2I2> DNA 

<213> Artificial Sequence 
<2 2 0> 

<223> Description of Artificial Sequence: Primer 

<400> 146 

acatagtaat actgcttcag c 21 

<210> 147 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<220> 



<223> Description of Artificial Sequence: Primer 



<400> 147 

t a c a 1 1 1 g a g q a a a t a 1 1 1 c 



t 



^WO 00/66773 

W „ W 

<210> 148 

<2 1 1 > 21 

<2 12> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 148 

ctacgggcaa atgagccttt g 



<210> 149 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 149 

ctctgqaact atcgctgcag g 21 



<210> 15C 
<211> 28 
<2 12> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

-.4;)C> ISO 



cccqccccaa get gar t tea taggccjgu 



t 
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<210> 151 
<211> 29 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 151 

ttcaagtaca tccaatttca atatacact 



<210> 152 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<4GG> 152 

accctacggg caaatgagcc tttgag 26 



<210> 153 
<2U> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Pri 

<4'J0> 153 

ccctacgggc aaatgagcct ttgaag 



t 
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<210> 154 
<211> 26 
<212> DNA 

<213-> Artificial Sequence 
<220 > 

<223> Description of Artificial Sequence: Primer 
<400> 154 

ccctacgggc aaatgagcct ttgaac 26 



2 10 > 15 5 

211'* 26 

212-> DNA 

213> Artificial Sequence 
<:220 > 

<223 > Description of Artificial Sequence: Primer 



<400> 155 

ccctacgggc aaatgagcct ttgacg 



<?.1Q> 156 

<211> 2 6 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 3 > Description of Artificial Sequence: Primer 

< 4 0 0 > 15 6 



ttgac 
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<210> 157 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 157 

ccctacgggc aaatgagcct ccgaag 26 



<- 1" i I . * -6 
<2 12 > DNA 

< 2 1 3 > Artificial Sequence 
<2 2C> 

<223> Description of Artificial Sequence: Primer 
<40G> 15S 

ccctiacgggc aaatqagcct tcgaac 26 



<21C> 159 
<211> 26 
<2 12> DNA 

<213> Artificial Sequence 
<2 2 0> 

<;223> Descricticn of Artificial Sequence: Primer 
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<210> 160 
011> 26 
•:2 12> DNA 

<213> Artificial Sequence 
<2 20.> 

<123> Description of Artificial Sequence: Primer 
<400> 160 

ccctacgggc aaatgagcct tttacc 26 

< : i o » i6i 



2 6 



<.213> 



Artificial Sequence 



<220 > 



<2 2 3> 



Description of Artificial Sequence: Primer 



<400> 



161 



ccctacgggc aaatgagcct ttgcgg 



26 



<210> 162 



<211> 26 



<212> DNA 



<213> Artificial 



1 Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
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<210> 163 

<2ii> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 163 

atgaacaatt ggtacagtaa t 21 



:c> 


164 


«::■ 1 l > 


? 1 


< 2 : 2 > 


DNA 


<: : 3> 





ficial Sequence 



<2 20> 

<223> Description of Artificial Sequence: Primer 
<4Q0> 164 

aaatctgtta aaggcatagc c 21 



<210> 16S 

<rn> 21 

<2 1 2> DNA 

<213> Artificial Sequence 



<22C> 

<2Z 3> Description of Artificial Sequence: Primer 
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<210> 166 
<2U> 21 
<2 12> DNA 

<213> Artificial Sequence 
<22C> 

<223> Description of Artificial Sequence: Primer 
<400> 166 

aaagaatctg tttaaggttg c 21 

<210> 167 

<211> 21 

<2 1 2 > DNA 

< 2 2 3 > Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 167 

aaacracctc aaagaaactc c 21 

<210> 168 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<220> 



<223> Description of Artificial Sequence: 



Pr imer 



• its 



t 
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s2 10> 169 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<~220> 

<223> Description of Artificial Sequence: Primer 

<400> 169 

r.cacctagaa ca:taacatg a 21 

<2:0> 170 
..• "> • l > ? 1 
v2 12> DNA 

<2 2 3> Artificial Sequence 

<2:o> 

<223> Description cf Artificial Sequence: Primer 
<400> 170 

aaatctgtta aaggcatagc c 21 

<:210> 171 
<2 11> 2 1 
<212> DNA 

<2 13 > Artificial Sequence 



<220> 



<223> Description of Artificial Sequence: Primer 



c 



t 
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<210> 172 
<2 i I > 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 172 

aaaccccctcagayaaactcc 21 

<210> 173 
z i 

■:2 12> DNA 

•;213> Artificial Sequence 
-:220> 

< 2 2 3 > Description of Artificial Sequence: Primer 
<400> 173 

gaccccgcgc tatcatgtaa g 21 

<21C> 174 
<211> 24 
<:212> DNA 

<213> Artificial Sequence 



<-220> 

<:22 3> Description of Artificial Sequence: Primer 



t 
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<210> 175 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 175 

tcttarwatw gcatagaawg g ?I 

<210> 176 
<?"!"!> 6 1 
<212> DNA 

<213> Piasmopara viticola 
<400> 176 

ttttgccttg gggacaaatg agtttttggg ctgcaacagt tattacaaat ttattctcgg 60 
c 61 

<210> 177 



<212> DNA 



<213> Erysiphe graminis f.sp. t r i t i c i / horde i 



<4C0> 177 

tattgccata cgggcagatg agccactggg ctgcaaccgt tatcactaac ctaatgagcg 60 
c 61 
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59 
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<210> 178 

<211> 61 

<212> DN A 

<213> Rhynchospor lum secalis 

<400> 178 

tgcttcctta tggacagatg tctttatgag ctgccacagt tataactaat cttatgagtg 60 
c 61 

•:210> 179 

«:211> 61 

<212> D N A 

« 2 i 3 "* ?vr?. n .ophord teres 

<40C> 179 

t.tttacccta cgggcaaatg agcctttgag ctgctacagt tattactaac cttatgagtg 60 
c 61 

<210> 180 
<211> 61 
<212> DNA 

<213> Pyrenophora teres 
<400> 180 

ttttacccta cgggcaaatg agcctttgag ctgaaatatt tgcctcaaat gtataactaa 60 



t 



61 



<210> 181 



<212> utiA 



g r a rr, ; r : : c o 1 a 



<4 00> 181 

tattacctta tggtcaaatg tctttatgag cagcaacagt tataactaac ttattgagrg 60 
c 61 



t 
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<210> 182 
<211> 61 
<:212> DNA 

<:213> Mycosphaere 1 la fijiensis 
<400> 182 

ttttacctta tggtcaaatg tctttatgag cagctacagt tataactaat ttaatgagcg 60 
c 61 

<210> 183 

<:.»:i> 6i 



<213> Sphaerotheca fuliginea 



<400> 183 

tacttccctt cggtcaaatg tcgctctggg ctgcaaccgt uttactaac crtatgagcg 60 



<21G> 184 

<211> 37 

<212> DNA 

<213> Sphaerotheca fuliginea 

<400> 184 

tctgggctgc aaccgttaag taatagcggt tgtaaaa 37 

<21C> 18 5 

•:211> 6 1 

<212> DT4A 

'-2 13> "Jrvcir.cLa i;^:atoi' 

<4C0> 185 

ttttacccta egggcagatg agcctatggg ctgcaaccgt uttactaac ettatgageg 60 
c 61 



c 



61 



t 
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<210> 186 
<211> 41 
<212> DNA 

<213> Uncinula necator 
<400> 186 

agcctatggg ctgcaaccgt taagtaggta atagcggttg a 41 



<210> 187 
<2 1 1 > 61 
<2i2> DNA 

<213> Colletctrichum nraminirnla 
<400> 187 

ttttacctta cggacaaatg tcattatgag ctgctacagt tattactaac cttataagtg 60 
<= 61 



<210> 188 
<211> 61 
<212> DNA 

<213> Pythium aphan idermatum 
<400> 188 

tartaccttg gggtcaaatg agtttttggg ctgctactgt tattactaat ttattttcag 60 
c 61 



<210> 


189 


<211> 


61 


<212> 


DNA 


<: 2 1 3 > 


Col 1 e t c t 


<400> 


189 



ttttacctta tggacaaatg tcattatgag ctgcaacagt tattactaac cttataagtg 60 



0 
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<210> 190 
OH> 61 
<.212> DNA 

<213> Oidium lycopersicum 
<400> 190 

ttttacccta cgggcagatg agcctgtggg ctgcaaccgt tattactaac cttatgagcg 60 



<210> 191 
<211> 61 
<:2 1 2 > DNA 

-:2 1~'> Lcvcillula ta^rica 
<400> 191 

ttttaccata cggacaaatg tcattatgag ctgcaacagt tattactaac cttatgagtg 60 



<210> 192 
<211> 61 
<212> DNA 

<213> Pseudoperonospora cubensis 
<400> 192 

ttttaccttg gggacaaatg agtttttggg ctgcaactgt tattactaat ttattttctg 60 
c 61 



210> 193 



DNA 



rernar: 



a s o 1 a p. i 



<400> 193 

ttcttcctta tgggcaaatg tctttatgag ctgctacagt tattactaac cttatgagtg 60 
c 61 



t 



• 
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<210> 194 

<2ll> 61 

<212> DNA 

<213> Cercospora arachidola 

<400> 194 

tattacccta tggacaaatg tcattatgag cagccacagt tattactaat ttattatctq 60 
c 61 

<210> 195 

< 2 1 1 > 61 

<2 12> DNA 

<?13> Rhiiocrnm^ ^nlAni 

<4C0> 19S 

tgcttccata cgggcaaatg tctctgtggg ctgctacagt aattactaat tLacctt ctg 60 
c 61 

<210> 196 
<211> 61 
<212> DNA 

<213> Mycosphaerel la musicola 



<400> 196 

ttttacctta tggtcaaatg tctttatgag cagctacagt tataactaat ttaatgagtg 60 
c 61 



t 
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